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ASTRONOMY. 


CHAPTER I. 
DEFINITIONS. | 


Art. 1. STRONOMY is that branch of natural 
\ philoſophy which treats of the heavenly 
bodies. The determination of their magnitudes, diſ- 
tances, and the orbits which they deſcribe, is called 
plane or pure Aſtronomy; and the inveſtigation of the 
cauſes of their motions is called pie Aſtronomy. 
The former diſcoveries are made from obſervations on 
their apparent magnitudes and motions; and the latter 
from analogy, by applying thoſe principles and laws of 
motion by which bodies on and near the earth are go- 
verned, to the other bodies in the ſyſtem. The prin- 
ciples of plane Aſtronomy only are what we here pro- 
poſe to treat of; and in this, we ſhall begin with the 
explanation of ſuch terms as are the foundation of the 


ſcience. 


Vol. IV. A | 2. A 


"I 0 DEFINITIONS. 
2. A great circle” ORS of a ſphere is that whoſe 
plane paſſes through it's center C; and a ſmall circle 


B DHR is that whoſe * does not paſs through 
it's center. 


3. A diameter p E of a ſphere FINE IO to 
any great circle QRS is called the axis of that great 
circle ; and the extremities P, E, of the diameter 

: are called it's poles. | "+ 

4. Hence, the pole of a great circle is r from 
every. point of it upon the ſphere; becauſe every angle 
PCR being a right angle, the arc PR is every where 
go*. And as the axis PE: is perpendicular to the 
circle RST when it is perpendicular to any two radii 

(A. CR, a point on the ſurface of the ſphere 90 
diſtant from two points of a; * dice wherevet 
nu will be the pole. 

5. All angular diſtances on the ſurkace of a ſphere, 
to an eye at the center, are eres ty (ho arcs of 
great circle 
6. Hence, all the triangles Dew: on Gi ſurface. of 

a, ſphere, for the ſolution of ſpherical problems, muſt 
N formed by the arcs of great circles. 

J. All great circles biſect each other; for each 
paſſing e the center of the ſphere, their 
1 5 12 , common 


DEFINITIONS. 3 
common ſection muſt be a diameter, and a diameter 
biſects all circles. * 

8. Secondaries to a great circle are great circles which 
paſs through it's poles; thus PRE is a ſecondary to 
to RSH. 

3 Hence, ſecondaries muſt be perpendicular to 
their great circles; for if one line be perpendicular to 
a plane, any plane paſſing through that line will alſo 
be perpendicular to it; therefore as the axis PE of the 
great circle MS T is perpendicular to it, and is the com- 
mon diameter of all the ſecondaries, they muſt all be per- 
pendicular to the great circle. Hence alſo, every ſecon- 
dary, biſecting it's great circle (Art, 7), muſt biſect 
every ſmall circle B DH parallel to it; for the plane 

of the ſecondary paſſes not only through the center O 

of the great circle, but allo the center A of the ſmall 
circle parallel to it. 

10. Hence, a great circle paſſing through the poles 
of two great circles, muſt be perpendicular to each; 
and, vice vers, a great circle perpendicular to two 
other great circles muſt paſs through their poles. 

11. If an eye be in the plane of a circle, that circle 
appears a ſtraight line; hence, in the repreſentation. - 
of the ſurface of a ſphere upon a plane, thoſe circles 
whole planes paſs —_— the eye are repreſented by 
ſtraight lines. 

12. The angle formed by the circumferences of two 
great circles on the ſurface of a ſphere is equal to the 
angle formed by the planes of thoſe circles; and is 
meaſured by the arc of a great circle intercepted be- 
tween them, deſcribed about the 9 of che 
circles as a pole. 

42 For 


e perrixirrons. 


For let 0 be the center of the ſphere, P9E, PRE 


' two great circles; them as the circumferences of theſe 
circles. at P are perpendicular to the common inter- 
ſe&ion PCE, the angle at P between them is equal to 


the angle between the planes, by Eve. B. XI. Def. 6. 
| Now. draw CA, CR perpendicular to PC E; then as 
1 theſe lines are reſpectively parallel to the directions of 

; the circumferences PA, PR, at the point P, the angle 
37 OCR i is equal to the angle at P formed by the two 

circles, Evc. B. XI. Prop. 10.; and the angle CR 
1s meaſured by the arc QR of, great circle whoſe 

pole is J, becauſe PQ, PR are each 90“. i 
13. If with the interſection of two ont circles as a 

pole, a great circle QR S be deſcribed, and alſo a 

ſmall circle B DH parallel to it, the arcs 9R, BD 

of the great and ſmall circles intercepted between the 

two great circles, contain the ſame number of degrees. 

For C and A are the centers. of the reſpective 
circles, and QC is parallel to. BA, and RC is parallel to 
4; therefore by Evc. B. XI. Prop. 10. the angle 

BAD is equal to the angle AR, conſequently the 

arcs BD, M contain the ſame number of degrees. 
8 Hence, the arc BD of ſuch a ſmall circle meaſures 
 — the angle at the pole between the two great circles, 
4 '. AlÞ9R: BD :: : BA:: radius: col. B. 

| 14. The axis of the earth pep ꝗ is that diameter pOp' 
about which it performs it's diurnal motion; and the 
extremities p, Y of this diameter are called it's poles, 

15. The terreftrial equator is a great circle erg of 
the earth perpendicular to it's axis. Hence, the axis 
and poles of the earth are the axis and poles of it's 

equator. That half of the earth (ſuppoſe ep) which 

* | N 
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DEFINITION. 5 
lies on the fide. of the equator which we-inhabit, is 
called che northern hemiſphere, and the other ep'q the 
ſout lern and the poles are reſpectively called the north. 


16. The latitude of a place on the: earth's. ſurface is 
it's angular diſtance from the equator, meaſured upon 
a ſecondary to it; thus, the arc eb meaſures the lati- 
tude of b. The ſecondaries to the equator are called 
17. The longitude of a place on the earth's ſurface 
is an arc of the equator intercepted between the me- 
ridian paſſing through the place, and another, called, 

the rt meridian, paſſing through that place from 
which you begin to meaſure; thus, the longitude of the, 
place v on the meridian pr meaſured from the me- 
ridian pe, is er. | | 11 

18. If the plane of the terrefrial equator ergs be 
produced to the ſphere of the fixed ſtars, it marks out 
a circle ER called the releftial equator; and if the 
axis of the earth pO/ be produced in like manner, the 
the. points P, P in the Heavens to which it is pro- 
4 4 3 duced, 
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2 duced, are called poles, being the poles of the 1 
ceguator. * ſine N to each pole is called the 
- ole ſtar. 15 
e „ne as pxp, to the celeſtial tee 
are called circles of declination; of theſe, 24 which divide 
the equator into ag parts, each containing 1 5*, are 
® called how circles. 
20. Small $40" as dfg h, paralle] to the celeſtial 
equator are called parallels of declination. 
21. The /en/ib]je horizon is that circle 4 in the 
| heavens whoſe: plane touches the earth at the ſpectator 
9 8 3. The rational horizon is a great circle HOR in the 
. heavens, paſſing through the earth's center, parallel to 
the ſenſible horizon. 
22. Almacanter is a ſmall circle pale to the ho- 
yo. | .. 
23. If the radius 0 of the earth at the place 5 
where the ſpectator ſtands, be produced both ways to 
the heavens, that point Z vertical to him is called the 
=. Zenith, and the oppoſite point N the nadir. Hence, | 
xXx the zenith and nadir are the poles of the rational ho- 
1 non Art. 3 J: for the radius produced being perpen- 
Able to the ſenſible, muſt alſo be ' patpentlicidar to 
the rational horizon. 
rag Es 24. Secondaries to the horizon are called vertical 
Clreles; and being (Art. 9) perpendicular to the ho- 
, rizon, the altitude of an r 8 is SAR 
upon them. 
235. A ſecondary PEH common to the cellſtial 
- equator and the horizon of any place 6, and which 
. /  fherefore'(Art, 10) paſſes through the poles P, Z of 
=— euch, is the celeſtial meridian of that place. Hence, 
—_ che aro of the celeſtial u of any place coin- 
1 1 | cides 


DEFINITIONS. 7 
cilles with the jets of the terreſtrial meridian of the 
NN 

26. The * ZPHR cuts as horizon in the 
"nw R, called the north point, and in the point H, 
called the h point; P being the north pole. 

27. The meridian. of any place divides: the hea» 
vens into two hemiſpheres lying to the eaft and weſt; 
that lying to the eaſt is called the ea/fern hemiſphere, 
and the other lying to the welt f is eue che ee 
| —— ( 

29. The vertical eitele which cuts the meridian * 
any place at right angles is called the prime vertical; 
and the points where it cuts the horizon are called the 
e and weft points. Hence, the eaſt and weſt points 
are go* diſtant from the north and ſouth : 

© Theſe four are called the cardiua points. | | 

29. If a body be referred to the horizon. by a 
ſecondary to it, the diftance of that point of the ho- 
rizon from the north or ſouth points is called it's 
azimuh. The amn is the red from the ball 
or welt points. Pe, Ou 

30. The ecliptic is that great Gele in the heavens 
which the ſun appears to deſeribe in the courſe a 
a year. M1 

31. The ecliptic and equator bez great circles 
muſt (Art. 7) biſect each other, and their angle of in- 
clination is called the ob/iquity of the ecliptic; alſo the 
points where they interſect are called the equino#ial 
| Points. The times when the ſun comes to theſe 
Points are called the equinoxes. 

32. The ecliptic is divided into 12 al parts, 
called fens; Aries , Taurus 8, Gemini n, Cancer 
S, ton , Virgo , Libra , Spo m, Sagitta- 


rius 


a4 


— IE 


.\ 


„, Py s, u, are called aſcending, the 


8 '  DBFINITIONS: | 
nus , Capricorays vs, Aquarius 2, Piſces -& «. 
The order of theſe is according to the motion af the 
ſun. The firſt point of aries coincides with one of the 
equinoctial points, and the firſt point of libra withy . 
the other. The firſt ſix ſigns are called northern, lying, 
on the nortl fide of the equator; and the laſt ſix are 
called ſouthern, lying on the ſouth fide. The den , 
n ap- 
proaching our (or the north) pole whilſt it paſſes. 
through them; and , K, mw, =, m, . are called 
deſcending, the fun receding from dun pale as it ye 
through them. 
33. When the motion of. the. heavenly node; 1s 
according to the order of the ſigns, it is called direct, or 
in conſequentia; and when the motion is in the contrary 


direction, it is called retrograde, or in autecedentia. The 


real motion of all the planets is according to the order " 


the ſigns, but their e ane ie in * 


oppoſite direction. 
34. The zodiac is a hen extending 8*0n each fide 
of the ecliptic, within which the motions; of all the 


2 n are performed. 


35. The right. aſcenſion of: a body is an arc * the 


equator intercepted between the firſt point of aries 


and a declination circle paſſing through the body, 
meaſured according to the order of the ſigns. | 
36. The oblique aſcen/ion is an arc of the equator in- 
tercepted between the firſt point of aries, and that point, 
of the equator which riſes with any body, meaſured 
according to the order of the ſigns. en » 
37. The aſcenfional difference is the difference be- | 
tween the right and oblique aſcenſion. i "4s 
"OY The declination of a woo is it's ar diſtance 
from 


* 


9 ä = 


| DEFINITIONS.” = 
from the equator, meaſured upon a ſecondary to the 
—_— drawn through the body. 5 


39, The longitude of a ſtar is an arc of the ecliptic 
Intereeined: between the firft point of aries and a 
ſecondary to the ecliptic paſſing through the- body, 
meaſured according to the order of the ſigns. If the 
body be in our:{yftemy: and ſeen from the ſun, it is 
called the fieliocentric longitude; but if ſeen from the 
earth, it is called the geocentric longitude; the body in 
each caſe being referred perpendicularly to the echptic 
in a plane paſſing through the eye. | 

40. The atitude of ar is it's ele diſtance 
from the ecliptic, ' meaſured upon a ſecondary. to the 
ecliptic drawn through the body. If the body be in 
our ſyſtem, it's angular diſtance from the ecliptic ſeen 
from the earth is called the geocentric latitude; but 
if ſeen from the ſim, it is called the Heliocentrit lati. 
wide eo 1s of 5 7 n 

41. Thus, if Y Abe the equator, v C the ecliptic, 
ꝙ the firſt point af aries, s a: ſtar, and the great circles 


0 
* 


zr, 0 be 8 8 to C * Op 2; 
then 4p is it's right aſcenſion, , 5p it's declination, ar 
it's latitude, and ꝙ r it's . The circle 57 is 
called a circle of latitu e. | 

42. The zropics are two varallels of declination. * 
5 touching the ecliptic. One, Ab it at the begin · 
: | ning 


\ 


ER * $-4 
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haha nf cancer, is called the tropic of cancer; and the : 

other, touching it at the beginning of -capricorn, is 
called the tropie ꝙ capricorn. The two points where 
the n touch * 62 PORT _ a 24% 
. En +ri by «x47 

443i The colures ace 19ivws ftradeeizs ** celeſtial 
equator ; one, paſſing throught the equinoctial points, is 
called the eguinoctial colure; and che other, paſſing 
through the ſolſtitial points, is called the /ofi7ia/ colure. 
I be times when the ſun comes to the (rin N 
are called the ſolſtice. 

44. The arctic and antaritic decking are two mne 
of declination, the former about the north and the 
latter about the ſouth pole, the diſtances of which 
from the two poles is equal to the diſtances of the 

tropics from tlie 2 . allo caled 5 
| polar circles. A 5 
435. The two tropics dof two gale 1 ahi 

reſerred to the earth, divide it into five parts, called 
Lanes; the two parts within the polar circles are called 
the frigid zones; the two parts between the polar 
circles and the tropics are called the temperate zones; 
and the part between the tropics is called the torrid 
zone. Small circles in the heavens are referred to the 


-- earth, and the yn by lines drawn to the ys. 


center. 
46. A body is in confuncrion with the 80 when it 


has the ſame longitude; in oppoſition, when the dif- 
ſerence of their longitudes is x80% and in quadrature, 
when the difference of their longitudes is 90. The 
conjunction i is marked thus 8 „the n = 985 
bY ee thus . 


F Grey i eter chen or oppor — 
EIS 48. The 


5 25 FEW DEFINITIONS. ll 
48. The ion of a body is it's angular diſtance 

1 050 the ſun wiken ſeen from the earth. 
49. The diurnal parallax is the difference between 


* ke: apparent places of the bodies in our ſyſtem when 0 


referred to the fixed ſtars, if ſeen from the center and 
ſurface of the earth. The annual parallax” is the dif- 
ference between the apparent places of a body! in the 
heavens, when ſeen from "the oppoſe Jenny of the 


© earth's orbit -7 


50. The argument is a term uſed to Sense any 
quantity by which another required quantity may be 
found. For example, the argument of that Þart of 
the equation of time which ariſes from the unequal 
angular motion of the earth in it's orbit about the fun, 
is the ſun's anomaly, becauſe that part of the equation 
depends entirely upon the anomaly; and the latter 
being given, the former is found from it. The ar- 
gument of a planet's latitude is it's diſtance from it's 
node, becauſe upon that the latitude depends. 

51. The nodes are the points where the orbits of the 
primary planets cut the ecliptic, and where the orbits of 
the ſecondaries cut the orbits of their primaries. That 
node is called aſcending where the planet paſſes from the 
ſouth to the north fide of the ecliptic ; and the other 
15 called the deſcending node. The aſcending node is 
marked thus g, and the deſcending node thus 8. 


The line which joins the nodes is called on * of 
the nodes. 


52. Tf a perpendicular be drawn from pdt _. 
the ecliptic, the angle at the ſun between two lines, 
one drawn from it to that point where the perpen- 

dicular falls, and the other to the earth, is called che | 

asgle of commulation. 
53. The 


_ DEFINITIONS. x4 . 
22:6} 8 of peſſtion is the angle at an hea- 
cen body formed by two great cirdies, one paſſing 
through the pole of the us ow 9 other through 
. by pole of the ecliptie. 
| i] en is th rims when the fan comes 


* 


. Wy - 'T 
| e . 00 is 12 32 I a deck 
. 2e to go 24 hours in a mean ſolar day. | 
| 56. The equation of time at noon n be. 
tween {ryerang apparent noon, 

57. A ſtar is ſaid to. riſe or {et coſmically, LEES it 
riſcs ob ſeis at ſun riſing; and when it riles or ſets at 
on ſetting, i it is ſaid to Tile ar ſet achronicallyg,, | 

\ 58. A ſtar riſes beliacatly, when, after having been 
ſo near to the ſun as not to be viſible, it emerges out 
of the ſun's rays and juſt appears in the morning ; and 

it. ſets heliacally, when the ſun approaches ſo near to it, 
| that it is about to immerge i into the ſun's rays. and to 
become inviſible in the evening. 

59. The curtate Aiſtauce of a planet from the- ſun or 

| earth, is the diſtance of the ſun or eanth from that 
point of the ecliptic, where a er, to it paſſes 
through the planet. Þ 
©... bo, Aphelion is that poiat in the arblt of a planet 
which! is furtheſt from the ſun. 5 

61 Perillelion is that point in the orbit * a; planet 
| which i 15 neareſt to the ſun. 

62. Apogee is that point of the earths orbit which 

is furtheſt from the fun, or that point of 2 moon 5 
orbit which is furtheſt from hl. vi 

6g. Perigee is that point of the earth's orbit . | 

is neareſt to the ſun, or that point of the moon's orbit 


which i 1s neareſt to the carth. 1 8 0 
The 


@ +; 
N 1 e. 
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The. terms. Phelion and Perihelion are alle applicd 


| to the earth's orbit. 
64. Apſs of an orbit is horic's apbelion or perihe. 


lion, apogee Or perigee ; and the line which joins the 

apſides is called ge line of the apfides. Os 
65. Anamoly {true} of a planet is it's angular di- 

tance at any time from it's aphelion, or apogee—ſmean) 


is che angular diſtance from, the fame, point at the 


fame lime, If it had moved uaxjormly with 18 
angular velocity. 67 2700 

66. Equation of the center is the Auen 8 
the true and mean anomaly; chis is ene called 
che rel laplerg in. 

67. Nonageſimal Aer of the ecliptic i 18 tha point 
which is higheſt above the horizon. 

68. The mean place of a body is the place where a 


body (not moving with an uniformly angular velocity 


about the central body) would have been, if it had 
moved with it's mean angular velocity. The true 
place of a body is the place where the body actually is 
at any tne. - 

69. Equations are corrections which are applied to 
the mean place of a body in order to get it's true place. 
70. A-digitis a twelfth part of the diameter of the 
ſun or moon. 

71. Thoſe bodies which revolve about the ſun in 
orbits very nearly circular are called 'planets, or pri- 
mary planets for the ſake of diſtinction; and thoſe 
bodies which revolve about the primary planets are 
called ſecondary planets, or ſateſliter. 

72. Thoſe bodies which revolve about thé ſun in 


very elliptic orbits are called comets, The ſun, pla- 
. oB- N nets 


8 — 


1 
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nets and comets, comprehend all thelbodies i in what 


. zs called the ſolar ſyſtem. 0 
4 13. All che other heavenly bodies are called fixed 
| Aars, or ſimply fars. 


74. Conftellation is a collection of ſtars contained with- 

in bas afſumed figure, as a ram, a dragon, an hercules, 
Sc. the whole heaven is thus divided into conftel- 
lations. A diviſion of this kind is neceſſary, in order 
to direct a perſon to any part of the n wet we 


want to point out. 
| ap 2 


Character wed fir the Sun, Mow: aud Planets. 


© The Sun. „ Mars. 
5 The Moon. A Jupiter. 
s Mercury. h Saturn. 
TVET | Georgian. 
8 The Earth. | 
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"CH A'P. II. 
ON THE DOCTRINE OF THE SPHERE. 


Art. 7 5. SPECTATOR. upon the earth's ſurface * 
conceives himſelf to be placed in the cen- 
ter of a concave ſphere in which all the- heavenly bo- 
dies are ſituated ; and by conſtantly obſerving them, 
he perceives that by far the greater number never 
change their relative ſituations, each riſing and ſetting * 
at the ſame interval of time and at the ſame points of 
the horizon, and are therefore called fixed ſtars; but 
that a few others, called planets, together with the ſur: 
and moon, are conſtantly changing their ſituations, 
each continually rifing and ſetting at different points 
of the horizon and at different intervals of time. 
Now the determination of the times of the riſing and 
ſetting of all the heavenly bodies; the finding of their 
poſition at any given time in reſpect to the horizon 
or meridian, or the time from their poſition; the 
cauſes of the different lengths of days and nights, and 
the changes of ſeaſons; the principles of dialling, and 
the like, conſtitute the dofrine of the ſphere. And as 
the apparent diurnal motiongof all the bodies have no 
reference to any particular ſyſtem or diſpoſition of 
the planets, but may be ſolved, either by ſuppoſing 
them actually to perform thoſe motions every day, or 
by ſuppoſing the earth to revolve about- an axis, we 
will ſuppoſe this latter to be the caſe, the truth of 
which will afterwards appear. 
| 76. Let 
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t6 ON THE DOCTRINE OF THE SPHERE, 
76. Let pep'g repreſent the earth, O it's center, 5 
the place of a ſpectator, HZRN the ſphere of the 
fixed ſtars; and although the fixed ſtars do not lie in 
the concave ſurface of a ſphere of which the center of 


the earth is the center, yet, on account of the immenſe 
diſtance even of the neareſt of them, theif relative 


fituations from the motion of the earth, and con- 


ſequently the place of # body in our fyſem referted to 


them, will not be affected by this fuppoſition. The 


BY plane abc touching the earth in the place of the ſpec- 


tator, is called (Art. 21) the ſenfible horizon, as it di- 
vides the viſible from the inviſible part of the heavens; 
and a plane HOR parallel to abc, paſſing through 


the center of the earth, is called the rational horizon; 


but in reſpect to the ſphere of the fixed ſtars, theſe 


may be conſidered as coinciding, the angle which the 


arc Ha ſubtends at the earth becoming then inſenſible, 
from the immenſe diſtance of the fixed ſtars. Now 
if we ſuppoſe the earth to revolve daily about an axis, 
all the heavenly bodies muſt ſucceſſively riſe and ſer 
in that time, and appear to deſcribe circles whoſe 
planes are perpendicular to the earth's axis, and con- 
ſequently parallel to each other; thus, all the ftars 


will appear to revolve daily about the earth's axis, 
as if they were placed in the concaye ſurface of a 
ſphere having the earth in the center. Let therefore 


p be that diameter of the earth about which it muſt 
revolve in order to give the apparent diurnal motion 


to the heavenly bodies, then p, p, are called it's poles; 
and if pp' be produced both ways to P, P in the hea- 


vens, theſe points are called (Art. 18) the poles of the 
heavens, and the ſtar neareſt to each of theſe is called 


the * ſtar. Now, although the earth, from it's 
motion 
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in-it's orbit, continually changes it's place, yet as the 
axis always continues parallel to itſelf, the points P, P 


will not, from the immenſe diſtance of the fixed ſtars, 
be ſenſibly altered; we may therefore ſuppoſe theſe to 
be fixed points x. Produce Ob both ways to Z and N, 
and Z is the zenith, and N the nadir (Art. 23). Draw. 
the great circle PZHNR, and it will be the celeſtial 
meridian (Art. 25), the plane of which coincides with 
the terreſtrial meridian p paſſing through the place of 
the ſpectator. Let ergs repreſent a great circle of the 
earth perpendicular to it's axis pp', and it will be the 
equator (Art. 15); and if the plane of this circle be ex- 
tended to the heavens, it marks out a great circle ER9S 
called the celeſtial equator (Art. 18). Hence, for the 
ſame reaſon that we may conſider the points P, Pas 
fixed, we may conſider the circle ERA as fixed. 
Now as the latitude of a place & on the earth's ſurface 
3s meaſured by the degrees of the arc be (Art. 16), it 
26214 | | may 
»»This is not accurately true, the earth's axis varying a little 
from it's paralleliſm from the action of the moon. This is called 


the Nutation of the earth's axis, and was diſcovered by Dr. 
BzavDLey. | 
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may be meaſured by the arc ZE; hence, as the equator, 
zenith, and poles in the heaven, correſpond to the 


_ equator, place of the ſpectator, and poles of the earth, 
we may leave out the conſideration of the earth in our 


further enquiries upon this ſubje&, and only conſider 
the equator, zenith, and poles in the heavens, and HR 
the rational horizon to the ſpectator. 

77. Let the annexed figure repreſent the poſition 
of the heavens to Z the zenith hall a — in 


zorth latitude,. E 9 the equator, P, P it's poles, HOR 
the rational horizon, PZ HR the meridian of the 
ſpectator, and draw the great circle ZON perpendi- 
cular to ZPRH, and it 15 the prime vertical (Art. 28) 


R will be the north point of the horizon, and H the 
ſouth (Art. 26), and O will be the eaſt or weſt point, 


(Art. 28) according as this figure repreſents the eaſtern 
or weſtern hemiſphere. Draw alſo a great circle POP 
perpendicular to the meridian. No as each circle HR, 
EA, ZN, PP is perpendicular to the meridian, it's 


pole muſt be in each (Art. 8, 9), therefore their common 


interſection O is the pole of the meridian. Draw alſo 


the ſmall circles 20 H, mt, ae, wes & parallel to the 


equator 4 
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equator ; and as the great circle PO biſects EQ in 
On muſt alſo biſect the ſmall circles mt, ae, inrandc; 
for as EO=9o?, tr and ec are each = =go* (Art. 13); 
and as Q o', mr and ac are each o; hence, ac 
=ce, and mr =rt. 

78. As all the heavenly bodies, in their diurnal 
motion, deſcribe either the equator, or ſmall circles 
parallel to the equator, according as the body is in or 
out of the equator, if we conceive this figure to repre- 
preſent the eaſtern hemiſphere, Q, ae, mr, may repre- 
ſent their apparent paths from the meridian under the 
horizon to the meridian above, and the points 5, O, s 
are the points of the horizon where they riſe. And as 
ae, QE, mt, are biſected in c, O, r, eb muſt be greater 
than ba, Q equal to OE, and 7s leſs than m. Hence, 
n body on the ſame ſide of the equator with the ſpectator 
will be longer above the horizon than below, becauſe 
eb is greater than ba; a body in the equator will be as 
long above as below, becauſe YO=OE; and a body 
on the contrary de will be longer below than above, 
becauſe ms is greater than r. The bodies deſcribing 
ae, mt, riſe at band 5; and as O is the eaſt point of 
the horizon, and R and H are the north and ſouth 
points, a body, on the /ame fide of the equator with the 
ſpectator, riſes between the eaſt and the north, and a 
body on the contrary fide riſes between the eaſt and the 
ſouth, the ſpectator being ſuppoſed to be in north 
latitude; and a body in the equator riſes in the eaſt at 
O. When the bodies come to d or n, they are in 
the prime vertical, or in the eaſt; hence, a body on 
the ſame fide of the equator with the ſpectator comes 
to the eaſt after it is riſen, and a body on the contrary 
ſide, before it riſes, The body which deſcribes the 

B 2 circle 
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circle Rv, or any circle nearer to P, never ſets ; and 
ſuch circles are called circles of perpetual apparition ; 
and the ſtars which deſcribe them are called circumpolar 
ſtars. The body which deſcribes the circle 20 H, juſt 
becomes viſible at H, and then it inſtantly deſcends 
below the horizon ; but the bodies which deſcribe the 
circles nearer to P are never viſible. Such is the appa- 
rent diurnal motion of the heayenly bodies, when the 
ſpectator is fituated any where between the equator and 
poles; and this is called an obligue ſphere, becauſe all 
the bodies riſe and ſet obliquely to the horizon. As 
this figure may alſo repreſent the weſtern hemiſphere, 
the fame circles ea, im will repreſent the motion of the 
heavenly bodies as they deſcend from the meridian 
above the horizon to the meridian under. Hence, a 
body is at the greateſt altitude above the horizon, 
when on the meridian, and at equal altitudes when 
equidiſtant on each fide from it, if the body have not 
changed it's declination. This is the foundation of 
the method of finding the time of paſſing the meridian, 
from equal altitudes of a body on-each fide. 
79. If the ſpectator be at the equator, then E coin- 

cides with Z, and conſequently EQ with ZN, and 


therefore PP with HR. Hence, as the equator Eis 
perpendicular to the horizon, the circles ace, mrt, 
parallel 
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parallel to EA, muſt alſo be perpendicular to it ; and 
as theſe circles are always biſected by PP, they muſt 
now be biſeted by HR. Hence, all the heavenly 
bodies are as long above the horizon as below, and rife 
and ſet at right angles to it, on which account this is 
called a right ſphere. 


80. If the ſpectator be at the pole, then P coincides_ * 


with Z, and conſequently PP with ZN, and chere- 


fore EA with HR. Hence, the circles mt, ae, parallel 
to the equator, are alſo parallel to the horizon; there- 
fore as a body in it's diurnal motion deſcribes a circle 
parallel to the horizon, thoſe fixed bodies in the heavens, 
which are above the horizon, muſt always continue 
above, and thoſe which are below muſt always con- 
tinue below. Hence, none of the bodies by their 
diurnal motion can either rife or ſet. This is called a 
parallel ſphere, becauſe the diurnal motion of all the 
bodies is parallel to the horizon. Theſe apparent 
diurnal motions of the fixed ſtars remain conſtant, that 
is, each always deſcribes the ſame parallel of decli- 
nation. 

81. The ecliptic, or that great circle in the heavens 
which the ſun appears to deſcribe in the courſe of a year, 
does not coincide with the equator, for during that time 
it is found to be only twice in the equator ; let therefore 
B3 COL 
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COL repreſent the ecliptic, which, being a great circle, 
muſt cut the equator into two equal parts (Art. 7). 

Hence, as the apparent motion of the ſun is nearly 
uniform, the ſun is nearly as long on one ſide of the 
equator as on the other. (See Fig. in p. 18). When 
therefore the ſyn is at 9, on the ſame ſide of the equator 


15 with the ſpectator, deſcribing the parallel of declination 


ae by it's diurnal motion, the days are longer than the 
nights, and it riſes at & to the north of the eaſt point; 
but when it is on the contrary ſide, at p, deſcribing 
mt, the days are ſhorter than the nights, and it riſes 


- at's to the ſouth of the eaſt point, the ſpectator being 


on the north ſide of the equator ; but when the fun 
is in the equator, at O, deſcribing Q, the days and 


nights are equal, and it riſes in the eaſt, at O*®. If 
ae, mt be equidiſtant from E, then will be me, and 
best; hence, when the ſun is in theſe oppoſite pa- 


rallels, the length of the day in one is equal to the 
length of the night in the other; and the mean length 


of a day at every place is 12 hours. Hence, at every 


place, the ſun, in the courſe of a year, is half a year. 


above, and half a year below the horizon T. When the 


ſpectator 
=_ The Aire lt degrees of heat in ſummer and winter do not 
altogether ariſe from the different times which the ſun is above 
the horizon, but partly from the different altitudes of the ſun above 
the horizon; the higher. the ſun 1s above the horizon, the greater is 
the number of rays which fall on any given ſpace, and the greater 
alſo is the force of the rays. From all theſe circumſtances ariſe the 
different degrees of heat in ſummer and winter. The increaſe of 
heat alſo as you approach wy equator, ariſes from the two latter 


- circumſtances, jt ' 


. + This is not accurately true, becauſe the ſun's motion in the 


| ecliptic is not quite uniform, on which account it is not exattly as 


long on one ſide of the equator as on the other. If the major axis 


of the earth's orbit coincided with the line joifling the 3 
| points, the times would be equal, 


— 
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ſpectator is at the equator, 7m, ea being biſected by the 
horizon, the ſun will be always as long above as below 


** 


the horizon, and conſequently the days and nights will 
be always 12 hours long. There will however be ſome 
variety of ſeaſons, as the ſun will recede 230. 287 on each 
ſide from the ſpectator. When the ſpectator is at the 
equator, the ſun will be vertical to him at noon when 
it is in the equator. And when the ſpectator is any 
where between the tropics, the ſun will be vertical to 
him at noon, when it's declination is equal to the 
latitude of the place, and of the ſame kind, that is, when 
they are both north, or both ſouth. When the ſpec- 
tator is at the pole, the ſun at p or q is carried by it's 


diurnal] motion parallel to the horizon; hence, it never 
ſets when it is in that part of the ecliptic which is above 
the nat nor riſes when in that part which is below; 

B 4 conſe- 


reer 
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f conſequently there is half a year day, and half a year 
night. Hence, the variety of ſeaſons ariſes from the 


axis of the earth not being perpendicular to the plane 


of the. ecliptic, for if 1t were, the ecliptic and equator 
would coincide, and the fun would then be always in 
the equator, and conſequently it would never change 
it's poſition in reſpect to the ſurface of the earth. If 
R= EH = 23 %ꝗ. 28', the ſun's greateſt declination, 
then on the longeſt day the ſun deſcribes the parallel 
Rv, which juſt touching the horizon at R, ſhows that 
the ſun does not deſcend on that day below the horizon, 
and therefore that day 1s 24 hours long. But when the 
ſun comes to it's greateſt declination on the other ſide 


* 


of EA, it d wH, and conſequently does not 
aſcend abodꝰ rizon for 24 hours, and therefore 
that night 1s 24 hours long. This therefore happens 
when EH, the complement of EZ the latitude (Art. 16), 
is 23*. 280, or in latitude 66%. 32'. If EH, the com- 
plement of latitude, be leſs than 235. 28', the ſun will be 
above the horizon in ſummer, and below in winter, for 
more than 24 hours, and the longer above or below, as 
you AIRY the 0 ure as was before oblerved, it 
will 
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will be 6 months above, and as long below the horizon. 
The orbits of all the planets, and of the moon, are alſo 
inclined to the equator, and conſequently their motions 
amongſt the fixed ſtars muſt be in circles inclined to 
the equator; therefore the ſame appearances will take 


place in each, in the time it makes one revolution in 


it's orbit. All theſe different appearances in the mo- 
tion of the moon muſt therefore happen every month. 


It is evident alſo that theſe variations mult be greater 
or leſs, as tlie orbits are more or leſs inclined to the 
equator; hence, they muſt be greater in the moon than 

in the ſun v. This apparent motion of the ſun, and 


real motion of the moon and planets amongſt the fixed 


ſtars, is from weſt to eaſt, and therefore contrary to their 


apparent diurnal motion. 
82. Hitherto we have conſidered the motion of the 
heavenly bodies in the eaſtern hemiſphere ; but if this 


| figure repreſent the weſtern hemiſphere, all the reaſon- 


ing will equally apply. The bodies will be juſt as 
long in deſcending from the meridian to the horizon, 
as in aſcending from the horizon to the meridian ; the 
paths deſcribed will be ſimilar; and they will ſet in the 
ſame ſituation in reſpect to the weſt point of the hori- 
Zon, as they riſe in reſpect to the eaſt; that is, if a body 


riſe to the north or ſouth of the eaſt, it will ſet at the 


ſame diſtance from the weſt towards chſosth or ſouth. 
83. Having thus explained all the apparent diurnal 
motions of the heavenly bodies, with the cauſe of the 
(14 Fi, 245 ; x4 7D ? variety 
® On account of the continual change of declination of the ſun, 
moon, and planets, their apparent diurnal motions will not be accu- 


rately parallel to the equator ; in thoſe caſes therefore, where the 


declination alters ſenſibly in the courſe of a day, and where great 
accuracy is required, we muſt, in our computations, take” into con- 
ſideration the change of declination. * 


* 
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ſhow the method of determining the poſitions of the 
different circles, and the fituation of the bodies in re- 


any given time; and to find the time from their poſition. 

1 84. The altitude PR of the pole above the horizon is 
equal to the latitude of the place. 7 

a For the arc Z E is (Art. 16) the meaſure of the lati- 

+ _ _ tude; but PER, each being = o; take away Z 
which is common to both, and EZ PR. 

„ 85. The latitude of a place may be found by obſerv- 

ing the greateſt and leaſt altitude of a circumpolar ſtar, 

applying the correction for refraction, and half the ſum 

will be the altitude of the pole. For if yx be the circle 

deſcribed by the ſtar, then, as Px = Py, R x Ry+ Rx. 

- The latitude may alſo be found thus. Let eOr be 


tion is the greateſt, and e H is the greateſt meridian 


» Keomthence ariſes the method of meaſuring the circumference 
of the earth; for if a man travel upon a meridian till the height of 


360, 


5 variety of ſeaſons, we ſhall proceed in the next place to 


ſpect to the horizon, meridian, or any other circles, at 


the ecliptic, then when the ſun comes to e it's declina- 


altitude ; 


UN 
\ 


the pole has altered one degree, he muſt then have travelled one 
degree; hence, by meaſuring that diſtance and multiplying it by 
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altitude; when the ſun comes to the ecliptic at , let ts 
be the parallel deſcribed on that day, and then s H is the 
leaſt-meridian altitude; and as Ee Es, ix He+ H= = 
H E the complement of the latitude. 

* 86. Half the difference of the ſun's greateſt} and leaſt 
meridian altitudes is equal to the inclination of the ecliptic to 
the equator. 

For half He - Hs, or half ge, is equal to Ze which 
(Art. 12) meaſures the angle EOe, the inclination of 
the ecliptic to the equator. 

87. The angle which the equator makes with the hori- 
Zon, or the altitude of that point of the equator 4ohich is on 
the meridian,” is equal to the complement of the latitude. 
For ZH is o, and therefore EH is the comple- 
ment of EZ; and as OE OH g, EH meaſures 
(Art. 12) the angle EOF. | 

88. Let abcdxe be a parallel of declination deſcribed 
by an heavenly body in the eaſtern hemiſphere, and 
draw the circles of declination Pb, Pe, Pd, Px, and the 
circles of altitude ZD, Zc, Z d, Zx. Now, as has been 
already explained, when the body comes to & it ris, 
at 7 it is at the middle point between à and e, and & d 
it is due eaſt; and let x be it's place at any other time. 
Let us ſuppoſe this body to be the ſun, arid not to 
change it's declination in it's paſſage from à to e, and 
let us ſuppoſe a clock to be adjuſted to go 24 hours in 

| one 


360, we get the circumference of the earth. This was under- 
taken by our countryman Mr. Nox wood, who meaſured the diſ- 
tance between London and York, and. obſerved the different altitudes 
of the pole at thoſe places. Afterwards the French mathematicians ' 
meaſured a degree. Cassi meaſured one in France. After that, 
CLAIRAUT, MauyexTvis, and ſeveral other mathematicians went 
to Lapland, and meaſured a degree, the length of which appears to 
be 69,2 engliſh miles in the latitude of 45%; for the earth being a 
ſpheroid, the degrees in different latitudes are different. 


* 
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one apparent diurnal revolution of the fun, or from the 
time it leaves any meridian till it returns to it again, 
then the ſun will always approach the meridian, or 
any other circle of declination, at the rate of 15* in 
an hour; alſo the angle which the ſun deſcribes 
about the pole will vary at the fame rate, becauſe 


(Art. 13) any arc xe, which the ſun at x has to deſcribe 


before it comes to the meridiap, meaſures the angle 
x Pe, called the hour angle. If therefore we ſuppoſe 
the clock to ſhow 12 when the ſun is on the meridian 
at a or e, it will be 6 o'clock when it is at c. And as 
the ſun deſcribes angles about the pole P at the rate of 
15% in an hour, the angle between any circle Px of 
declination paſſing through the ſun at x, and the meri- 
dian PE, converted i into time at the rate of 15 for an 
hour, will give the time from apparent noon, or when 
the fun comes to the meridian. 

89. Grven the ſum] declination and. latitude of the place, 
to find the time of it's riſing, and azimuth at that time. 

The ſun riſes at b; and in the triangle bZP, bZ= 


90, bP=co- dec. PZ =co-lat. Now when one fide 


of a triangle = =.90*, it may be ſolved by the circular 
parts, taking the angles adjacent to the fide o, and 
the 6D wa of the other three parts, for the circular 
parts. Hence, rad. : cot. bP :: cot, Z P: col. Z Pb, 
or, 9H; : tan. dec. :: tan. lat.: co. L Pb the hour angle 


from apparent non; which converted into time, at the 


rate of 1.5* for an hour, and ſubtracted from 12 0:clogk, 
gives the apparent time of riſing. Alſo, fin. ZP: rad. : 
coſ. P: fin. P b, or, cof: lar. : rad. : fin. dec.: We 
f the azimuth from the north. 


fe Given the latitude of Caniiidge | $2*: 12, 3 85 


10 find the time of the ny $ * on the Tip day, 


* 
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and azimuth at that time, aſſuming the greateſt decli- 
nation of the ſun 23*. 28. | 


— — 


Rad. — 'Y — 27 10,0000000 
Tan. 25%. 28 - 9,6376106 
Tan. 52%. 12. 35 10, 1104699 


Col. 124%. 2. 47" * > — 9,7480805 


Convert this into time (Tab. 1+.) and it gives 84, 
19. 6”, which ſubtracted from 12 gives 34. 40'. 54” 
the time when the ſun's center 1s upon the rational 
horizon on the longeſt day. Allo, 


Col. 52%. 120 35 A ee e 
Rad. — — 10, ooooOO0 
AF ðͤ -c- | 9-6001181 


Col. 49%. 28˙. 9“ az. from north 98128185 


Hence, on the longeſt day the ſun riſes 4c 31. 517 
from the eaſt towards the north. 


90. To find the ſun's altitude at fix o clock. 

The fun is at c at 6 o'clock, and the angle ZPe is a 
right one; hence, rad. : coſ. Z P:: coſ. Pc : col. Zc, 
or, rad. : ſin. lat.:: fin. dec. : fin. of the altitude. | 
; Ex. 

* This log. 9.748805 is found in the tables to be the log, coline 
of 55% 57'. 13”, but as the angle is manifeſtly. greater than go®, we 
muſt take it's ſupplement. In the ſolution of ſpherical triangles, 
ambiguous caſes will frequently ariſe, for the determination of which, 
where the caſe is not evident, the reader is referred to Dr. Mas- 


KELYNE's very valuable Introduction to TarLos's Logarithms. 
+ See the * at the end. 
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Ex. Taking the dara of the laſt example, we have, 
Rad. 10, oooooo 


Sin. 52%, 12 35” 9,8977695 
Kin. 23˙. 280 Fra - 9,6001181 


Sin. 18%. 200 32” the altitude 9,4978876 


* 91. To fund the time wikes the ſun comes to d the prime 
vertical, and it's altitude at that time. 

In this caſe, the angle 4ZP = go?; hence, coſ. ZP: 
rad. :: coſ. dP : col.” Zd, or, fin. lat.: rad. :: fin. dee. : 
fin. of the altitude. Allo, rad. : cot. Pd :: tan. PZ: col. 
ZP4, or, rad. : tan. dec. :: cot. lat.: coſ. Z Pd, which 
converted into time, gives the time from apparent noon. 


Ex. Taking the data of che laſt example, we have, 


Sin. 9 42 35" 0, 10223064. C 
Rad. . 10,0000000 
Sin. 237. 28 - . 6301181 


Sin. 305. 1 5. 31 the altitude 947923486 


3 1. ̃ ˙ yx 5 
I. 23˙. 280 - 96376106 
Cot. 52% r 98895301 


1 | Col 70* 19. 44 "=ZPg - 945271497 © 


This angle 70®, 19. 44", converted into time, gives 


4k. 41'. 19” the tune from apparent r 
5 ö 92. Given 
* In working a proportion by logarithms, you add the ſecond 
and third terms together, and from the ſum ſubtract the firſt ; but to 
avoid ſubtraction, put down for the firſt quantity what it wants of 
10,0000000, which you may do at once, by writing down what the 
firſt figure on the right wants of 10, and what the other figures want 
of 9; this is called the arithmetic complement; then add the three 
quantities together, rejecting A err e IN We fark 
teſult as by the — method. | c 


* 


* 
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92. Given the latitude of the place, the ſun's declination, 


and altitude, to find the hour, and it's azimuth, 


Let x be the ſun's place; then by ſpher. trig. fin. æ Px 
fin. Z P: rad: :: fin. } x Px + PZ + Zx x ſin. 4 
Px + PZ -x: : col. 3 ZPx*; hence, Z Px is known, 
which converted into time, gives the time from appa- 
rent noon. Alſo, fin. xZ Xx fin. PZ: rad.“ :: fin. 4 x 


Zr +ZP+Pxxfiin 1x Zx+ ZP-Px:colinZzÞ; 


hence, the azimuth x Z P from the north is known. 
3 Ex. Given the lat. 347. 55 N, ſun's declination 
22%, 22. 57" N, and true altitude 36*. 59“. 39”, to find 
the apparent tune. Here, ZP = 55˙. 5, Zx = 53*.0'. 21", 
Px = 67*. 37. 3“; hence, 
Px =67*. 37. 3” arith. comp. of ſine 0,034019 
ZP=55. F. © arith. comp. of fine 0,086193 
Zx = 53. 0. 21 


Sum 175. 42. 24. 
2 Sum 87. 51. 10 h 9.999694 
Zx r 33. 0. 21 7 
Diff. 34. 50. 51 fine =< 9,756932 
2)19,876838 
© 9.938419 


the coſine of 29*. 47. 44 half the angle ZPx, .*. Z Pr 
= 59*. 35. 28”, which reduced into time gives 3h. 58. 
22” the time from apparent noon. By the very ſame 
proceſs, the angle x ZP is found. 

93. Given the error iu altitude, to find the error in time. 

Let mn be parallel to the horizon, and nx repreſent 
the error in altitude; then, as the calculation of the 
time is made upon ſuppoſition that there is no error in 


the dechnation, we mult ſuppoſe the body to be at m 


. Inflead 


4 


2 x iin. xXx Z; hence, qr ux x 
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inſtead of x, and conſequently the angle Px, or the 
arc gr, meaſures the error in time. 
Now nx: xm ;: fin nms : rad. 


* m: gr :: cf. rx : rad. (Art. 13). - 
hence, ur: qr :: fin, amæ X coſ. rx ; rad. qr = 1 1 
rad. 
fin. max 7 but ZrP=nms, nxm being the 


complement of batter alſo, ſin. ZxP, or umx, : ſin. Z P:: 
fin. fn. 25: fin. x P, or col. Ha, "im. en rx =fins 
rad.* 
in. ZP x lin. xZ 5 


* rad. | 
SEX Tit. x fin. azim. | | 
Hence, the error is leaſt on the prime vertical. All 


altitudes therefore for the purpoſe of deducing the time, 


ought to be taken on, or as near to, the prime vertical 
as poſſible. | 


Ex. In lat. 52%. 127, if the error 1n alt. at an azim. | 
=2',33 40 - 


44”. 22 be 1 then gr =* — 512 , 690 


a degree = 9",336 in time. 


Hence, the perpendicular aſcent of a body is quickeſt 


when ir is on the prime vertical; for ax varies as ſin, 


azim. when qr and the lat. are given. 
94. Given the latitude of the place, and the ſun's deli 

tion, to find the time when twilight begins. 
Twilight is here ſuppoſed to begin when the ſun is 1 g | 

below the horizon; draw therefore the circle 4 yk parallel 


to the horizon, and 18* below it, and twilight will begin 
when the fun comes to , and Zy=108*; hence, fin. 


3P x fin. ZP : rad.“ :2 fin, 1x PZ+Py+10d x fin. 1 x 


 PZ+Py— 108* : col. 3 „Az therefore P is known, 
which converted into time, gives the time from b 


U noon. 


95. To 
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95. To find the time when the apparent diurnal motion * 
a fixed ſtar is perpendicular to the horizon. 
Let yx be the parallel deſcribed by the ſtar; draw the 


vertical circle Zh touching it at o, and when the ftar 
comes to 0 it's motion 15 perpendicular to the horizon; 
and as ZoP is a right angle, we have, rad. : tan. 
o P:: cot. PZ: coſ. Z Po, that is, rad. : cot. Fa 2 
tan. lat. : cof. E Po, which converted into time (Tab. 1.) 
gives the time from the ſtar's being on the meridian. 

Hence, the time of the ſtar's coming to the meridian 
being known, the time required will be known. 

96. To find the time of the ſhorteſt twilight. 

Let a+ be the parallel of the ſun's declination at the 
time required, draw ed indefinitely near and parallel to 
it, and TY a parallel to the horizon 187 below it; then 
vPw, Pt meafure the duration of twilight on each pa- 
rallel of declination, and when the twilight is ſhorteſt, 
the increment of the duration is =o, and theſe muſt be 
equal; hence, vPr = wPz, therefore vr =wz ; and as 
rs=tz, and r and 2 are right angles, rvs = z7ot; but 
Pur oZ us, take Zur from both, and PVZ = 

ot. IV. 0 vs; 
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rvs; for the ſame reaſon PwZ =zwt; hence, PZ = 
PwZ. Take ve=wZ=go0o"?, and join Pe; then as 


Po Pu, ve=wZ, and Pve=PwZ, we have Pe 
PZ; and if Py be perpendicular to eZ, then will Zy= 
ye. Now by trig. col. Po: cof. Pe, or PZ, :: col. 
vy: col. ey, that is, fin. dec. : fin. lat. :: fin. ey: coſ. 
ey :: tan. ey ge: rad. or, rad. : fin. lat. :: tan. 9 : fin. 
. of the ſun's declination at the time of ſhgrteſt twilight. 
: Becauſe PZ is never greater than 90, and Zy 9e, there- 
fore Py is never greater than go, and it's coſine is poſi- 
tive ; alſo, vy is always greater than oe, therefore it's 
coſine is negative; hence, coſ. Py ( coſ. PyX col. vy) 
is negative; conſequently P is greater than go, there- 
fore the ſun's declination. is /outh. 

97. To find the duration of the ſtorteſt twilight. 

As wPZ =vPe, therefore Z Pe Pr which meaſures 
the ſhorteſt time. Now, fin. PZ, or col, lat.: rad. :: fin. 
Zy=9® : ſin. ZPy, which doubled gives Z Pe, or vPw, 
which converted into time gives the duration of the 
' ſhorteſt twilight. 

Ex. To find the time of the year at Cambridge, 
when the * is ſhorteſt; and the un of that 
twilight. 


Rad. 
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— &-5 4s 10, ooo 
Sin. 52%. 12“ 35" * 
Tan, 2 97997725 


Sin. 7%. 11“. 2 5 dec. - 9,9974820 


— ——_ 


This. declination of the ſun gives the time about 
March 2, and October 11. 


Col. g2*. 1 8 = - 0,2127004 4. C. 


Sin. 9® - ey,” 7M — 9,1943324 
| RI - - - 10,0000000 
Sin. 14*. 47. 27” . - 9,4070328 


The double of this gives 29“. 34.7 54”, which con- 
verted into time gives 1h. 58˙. 20“ for the duration of 
the ſhotteſt twilight, it being ſuppoſed to end when the 
{un is 18* below the horizon. 

98. To find the ſun's 9 when it is juf twilight 
all night. 


NEE 


FF _— 
W 


Here the ſun at a muſt be 18* below the horizon; 
therefore 18 ＋ dec. Ag = R= EH comp. of lat. of 
C 2 place; 


, . 4 * 2 
— IG NS » I 
l ** 8 4 
2 —— — —— —— — — — — * . 2 ** 
oy 
E 


— — — — — — — — ** 


* 


* 
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place; hence, the ſun's dec. comp. lat. — 18˙; look 


therefore into the Nautica! Almanac, and ſee on what 
days the ſun has this declination, and you have the time 
required. The ſun's greateſt declination being 23*. 28, 
it follows that if the complement of latitude be greater 
than 41*. 28', or if the latitude be leſs than 48*. 32, 
there can never be twilight all night. If the ſun be 
on the other fide of the equator, then it's dec. = 18%. — 
comp, lat. 

99. If the ſun's declination Ee be greater than EZ, 


then he ſun Comes to the meridian at e to the north of 


the zenith of the ſpectator; and if we draw the ſecon- 


dary Z qm touching the parallel ae of declination de- 


- ſcribed by the ſun, then Rx is the greateſt azimuth - 


from the north which the ſun has that day, the azimuth 
increaſing till the ſun comes to.q, and then decreaſing, 


and the fun has the ſame azimuth twice in the morning. 


If therefore we draw the ſtraight line Zv perpendicular 
to the horizon, the ſhadow of this line, being always 


oppoſite to the ſun, will, in the morning, firſt recede from 
the ſouth point Z and then approach it, and therefore 
wil ll go backwards upon the horizon. But if we con- 


ſider 
N 


* 


— 
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ſider PP as a ftraight line, or the earth's axis produced, 


the ſhadow of that line will not go backwards upon the 


horizon, becauſe the ſun always continues to revolve 
about that line, whereas the ſun does not revolve about 


the perpendicular Zu. Hence it appears, that the 


ſhadow of the ſun upon a dial can never go backwards, 
becauſe the gnomon of a dial is parallel to PP, and 
therefore the ſun muſt always revolve about the gnomon. 
The time when the azimuth is greateſt is found from 
the right angled triangle PgZ, by ſaying, rad. : tan. gP :: 
cot. PZ: coſ. ZPq, or rad. : cot. dec. :: tan. lat.: cof. 
Z Pꝗ, the hour angle from apparent noon. 
100. It has hitherto been ſuppoſed, that it is 12 
' o'clock when the fun comes to the meridian Z HN, and 


that the clock goes juſt 24 hours in the interval of the 


ſun's paſſage from any meridian till it returns to it again. 
But if a clock be thus adjuſted for one day, it will not 
continue to ſhow 12 o'clock every day when the fun 


comes to the meridian, becauſe the intervals of time 
from the ſun's leaving any meridian till it returns to it 
again are not always equal ; this difference between the 

6-0. {un 
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ſun and the clock is called the Zquation of Time, as will 
be explained in Chap. IV. Hence, when the clock 
does not agree with the ſun, any arc xe is not the 
meaſure of the time from 12 o'clock, but from the 
time when the ſun comes to the meridian, or from 


apparent noon. 
101. The method of finding the hour angle for 


the time at which a body riſes, has been upon ſup- 


poſition that the body is upon the rational horizon at 
the inſtant it appears; but all bodies in the horizon 
are elevated by refraction 33“ above their true places; 
this therefore would make them appear when they are 
33 below the rational horizon, or 90 33 from the 
zenith; alſo, all the bodies in our ſyſtem are depreſſed 
below their true places by parallax, as will be after- 
wards explained, therefore from this cauſe they would 
not appear till they were elevated above the rational 

© horizon by a quantity equal to their horizontal parallax, 
odr when diſtant from the zenith 90˙ - hor. par. Hence, 
from both cauſes together, a body becomes viſible 


V 


when it's diſtance ZY from the zenith = go* PR 3.— 
hor. parallax, being the place of the body when it 
becomes viſible, Z the zenith, and P the pole; hence, 
knowing 2, alſo ZP the complement of latitude, and 


P/ the complement of declination, we can find the 
hour angle ZPY. A fixed ſtar has no parallax, there- 


tore ties 33“ in this caſe. 


To 


4 
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To find the Time in which the Sun paſſes the Meridian, or 


the horizontal Wire of a Teleſcope. 


-102. 1 mx be the diameter d” of the ſun, eſti- 


mated in feconds of a great circle; then, as the ſeconds 
in mx, conſidered as a ſmall decks: muſt be increaſed 
in proportion as the radius is diminiſhed, becauſe, when 


the arc is given, the angle is inverſely as the radius, 
we have, fin. Px, or col. dec. rx, : rad. :: ſeconds 4” in 
ma of a great circle: the ſeconds in mx of the ſmall 


circle ea, which (Art. 13) is equal to the ſeconds in qr 


= the angle rPq, and therefore the angle r Pq = 4” 


divided by coſ. dec. (rad. being unity) = 4” x ſec. dec., 


which meaſures the time in which the ſun paſſes over 
it's diameter, and conſequently the time the diameter 
would be in paſſing over the meridian ; hence, the 


d“ x ſec. dec. 
time of paſſing the meridian = 15 515 9 * 


correſponding to 1“ in time. 
103. Hence, gr, the ſun's diameter in right aſcen- 
ſion, is equal to 4“ x ſec. dec. If therefore the ſun's 
ES: diameter 


6 


15 04. By. Art. 93. gr =#x x 


horizontal wire, is equal to — 
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diameter = 32 = 1920”, and it's dec. = 209, it's diameter 


in right aſcenſion = 1920” x 1,064 = 34, 2,88. The 
ſame is true for the moon, if 4” it's diameter, 


rad. 
col, lat, x fin. azim, © 
2 2 rad. « 
(tar sd. the ſun's diameter) d” x * col. Lat. - In. azim. 6 
hence, as before, the time of deſcribing gr, or the time 
in which the ſun aſcends perpendicularly through a 


ſpace equal to it's diameter, or the time of paſſing an 


a. rad. 


15” © col. lat. x fin, aZim. 


The fame expreſſion muſt alſo give the time which 


x 


; * of che ſun by * X —= 


the ſun is in riſing. 
If 4 = 19800 the horizontal refraction, * 7 
divided by 15*= 132”; hence, refraction accelerates the 


col. lat. x Eg. azim. 


On the Principles i | Dialling. 


tog. As the apparent motion of the ſun about the 5 
axis of the earth is at the rate of 15* in an hour, very 


nearly, let us ſuppoſe the axis of the earth to project it's 


ſhadow into the meridian oppoſite to that in which the 
ſun is, and then this meridian will move at the rate of 


1 5 in an hour. Hence, let zPRpH repreſent a me- 
ridian on the earth's ſurface, P Op the earth's axis, z the 


; place of the ſpectator, HK RV a great circle, of which z 
is the pole; draw the meridians Pi p, Pz p, &c. making 


angles with PRp of 15, 30˙, &c. reſpectively; then 


ſuppoling PR to be the meridian into which the ſhadow 


of OP 1 is projected at 12 o'clock, Pi, Pa, Sc. are the 
meridians 
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mexidians into which it is projected at 1, 2, &c. o'clock, 
and the ſhadow will be projected on the plane HK RY 


. | 


I 


in the lines OR*, O1, 02, Sc., and the arcs RI, Ra, Sc. 
will meaſure the angles RO1, RO z, Sc. between the 
12 o'clock line and the 1, 2, Sc. o'clock lines. Now 
in the right angled triangle PRI, we have (Art. 84) PR 
the latitude of the place, and the angle RPi=15*; 
hence, rad. : tan. 15* :: fin. PR : tan. RI; in the ſame 
manner we may calculate the arcs R2, R3, Sc. In 
this caſe, we make the earth's axis the gnomon, and. 
the ſhadow is projected upon the plane AK RY. But 
if we take a plane a bed at z, parallel to AK RY, and 
conſequently- parallel to the horizon at z, and draw zr 
parallel to POp, then, on account of the great diſtance 
of the ſun, we may conceive it to revolve about zr in 
the fame manner as about Pp, and conſequently the 
ſhadow will be projected upon the plane abcd, in the 
ſame manner as the ſhadow of PO is projected upon 
the plane HK RP, and therefore the hour angles are 
calculated by the ſame proportion. This is an hort- 
zontal dial. 


106, Now 
Supply the line OR. | 
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"Mo 106. Now let NLzK be a great circle perpendicular 
to PRpHz, and conſequently perpendicular to the 


horizon at 2, and the fide next to H is full ſouth. 
Then, for the ſame reaſon as before, if the angles Np1, 
Nya, &c. be 1 5*, 30˙, Sc. the ſhadow of pO will be pro- 
jected into the lines O1, Oz, Sc. at 1, 2, Sc. o'clock, 
and the angles NO1, NO2, c. will be meaſured by 
the arcs VI, Na, Sc. Hence, in the right angled ' 
triangle pN1, pN =the complement of the latitude, 
and the angle Np1 = 1 5*; therefore, rad. : tan. 1 5* :5 fin. 
pN : tan. NI; in the fame manner we find Na, Ng, 
1 Sc. Hence, for the ſame reaſon as for the horizontal 
=. dial, if zabc be a plane coinciding with NLzK, and 
| t be parallel to Op, 5? will project it's ſhadow in the 
ſame manner on the plane zabc, as Op does on the 
plane NLzK, and therefore the hour angles from the 
I2 o'clock line are computed by the ſame proportion. 
| This 
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This is a vertical ſouth dial. In the fame manner the 
ſhadow may be projected upon a plane in any poſition, 
and the hour angles calculated. 

. 107. In order to fix an horizontal dial, we muſt be 
able to tell the exact time of the ſun's coming to the 
meridian ; for which purpoſe, find the time (Art. 92) 
by the ſun's altitude when it is at the ſolſtices, becauſe 
then the declination does not vary, and ſet a well regu- 
lated watch to that time ; then, when the watch ſhows 
12 o'clock, the ſun is on the meridian; at that in- 
ſtant therefore ſet the dial at 12 o'clock, and it ſtands 
right. 

108. Hence, we may 1 draw a meridian line 
upon any horizontal plane. Suſpend a plumb line ſo 
that the ſhadow of it may fall upon the plane, and 
when the watch ſhows 12, the ſhadow of the plumb 
line is the true meridian. The common way is to 
deſcribe ſeveral concentric circles upon an horizontal 
plane, and in the center to erect a gnomon perpendi- 
cularly to it, with a ſmall round well defined head, like 
the head of a pin; make a point upon any one of the 


circles where the ſhadow of the head falls upon 
it in the morning, and again where it falls upon 
the ſame circle in the afternoon ; draw two radii from 
theſe two points, and biſect the angle between them, 
and it will be a meridian line. This ſhould be done 
when the ſun is at the tropic, when it does not ſenſibly 
change it's declination in the interval of the ob- 
ſervations; for if it do, the ſun will not be equi- 
diſtant from the meridian at equal altitudes. This 
method is otherwiſe not capable of very great accuracy; 
for the ſhadow not being very accurately defined, it 
is not eaſy to ſay at what inſtant of time the ſhadow 

| | 3 
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of the head of the gnomon is biſected by the circle. 
Af however ſeveral circles be made uſe of, and the mean 

of the whole taken, the meridian may be found with 

ſufficient accuracy for all common purpoſes. 

109. To find whether a wall be full ſouth for a ver- 
tical ſouth dial, erect a gnomon perpendicularly to it, 
and hang a plumb line from it ; then when the watch 
ſhows 12, if the ſnadow of the gnomon coincide with 
the plumb line, the wall is full ſouth. 


CHAP. 


1 


e HAN m 


| | 

TO DETERMINE THE RIGHT ASCENSION, DECLI- 

NATION, LATITUDE AND LONGITUDE OF THE 
HEAVENLY BODIES. 


% 


Art. 110. HE foundation of all And is to 
determine the ſituation of the fixed ſtars, 
in order to find, by a reference to ſuch fixed objects, 
the places of the other bodies at any given time, 
and thence to deduce their proper motions. The 
poſitions of the fixed ſtars are found from obſervation. 
by finding their right aſcenſions and declinations by 
means of the tranſit teleſcope and aſtronomical quad- 
rant, as explained in my Treatiſe on Practical Aſtronomy ; 
and then, by computation, their latitudes and longi- 
tudes may be found. | 
111. Now as the earth revolves uniformly about it's 
axis, the apparent motion of all the heavenly bodies, 
ariſing from this motion of the earth, muſt be uniform; 
and as this motion is parallel to the equator, the in- 
terval of the times, in which any two ftars paſs over 
any meridian, muſt be in proportion to the arc of the 
equator intercepted between the two ſecondaries paſſing 
through them, becauſe (Art. 13) this arc of the equator 
contains the ſame number of degrees as the arc of any 
ſmall circle parallel to it, and comprehended between 


the ſame ſecondaries; and therefore, if one increaſe 


uniformly, the other muſt. Hence, the right aſcenſion 

of ſtars paſſing the meridian at different times will differ 

in proportion to the clerence of the times of their 
paſſing ; ; 
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paſſing ; and as the clock is ſuppoſed to go uniformly, 
we have the following rule. As the interval of the 
times of the paſſages of any fixed far over the meridian : 
the interval of the paſſages of any two ftars :: 360“: 
their apparent difference of right aſcenſons; which cor- 
rected for their aberration in right aſcenſion, gives their 
true difference of right aſcer.fions. By the ſame method 
we may find the difference of right aſcenſions of the 
ſun or moon, when they paſs the meridian, and a ſtar, 
and therefore if that of the ſtar be known, that of the 
ſun or moon will; which concluſion will be more exact, 
if we compare them with ſeveral ſtars and take the 
mean ; remembering to apply the ſtar's aberration in 
right aſcenſion to the apparent, in order to get the true 
right aſcenſion. When we thus determine the fun's right 
aſcenſion from that of a ſtar, the ſun's aberration, which 
in longitude is always 20”, is not here conſidered, be- 
cauſe the ſun's· place in the tables is put down as affected 
by aberration; and the uſe of obſerving the ſun's right 
aſcenſion, is to compare it with the tables in order to 
find their error. 
112. Now to determine the right aſcenſion of a fixed 
ſtar, Mr. FLAMSTEAD propoſed a method, by com- 
paring the right aſcenſion of the ſtar with that of the 
ſun when near the equinoxes, the ſun having the ſame 
declination each time; and as this method has not been 
explained by any writers, we ſhall give an explanation. 
Let 40 CK E be the equator, 45 CME the ecliptic, 
S ;the place of the ſtar, Sm a ſecondary to the 
equator, and let the ſun be at P, near to 4, when 
it is on the meridian, and take CT = PA, and draw 
PL, 72 perpendicular to 46 C, and ZL is parallel to 
AC, and the ſun's declination is the ſame at T as 
| 2 at 
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at P. Obſerve the meridian altitude of the fun when 


at P, and alſo the time of the paſſage of it's center over 


the meridian ; obſerve alſo at what time the ſtar paſſes 
over the meridian, and then (Art. 111) find the appa- 
rent difference L of their right aſcenſions. When the 
ſun approaches near to 7, obſerve it's meridian altitude 


for ſeveral days, ſo that on one of them at ? it may be 
greater and on the next day at e it may be leſs than 


the meridian altitude at P, ſo that in the intermediate 
time it muſt have paſſed through 7; and drawing 26, 
es perpendicular to AG CE, obſerve, on theſe two days, 
the differences bm, am of the ſun's right aſcenſion and 
that of the ſtar; draw alſo gv parallel to Zo. Then 
to find Zb, we may conſider the variation both of the 
right aſcenſion and declination to be uniform for a 
ſmall time, and conſequently to be proportional to each 
other; hence, v4 (the change of meridian altitudes in 
one day): oh (the difference of the meridian altitudes 
at 7 and 7, or the difference of declinations) :: 36 (the 
difference f am, bm found by obſervation) : Zb, which 
added to &m, or ſubtracted from it, according to the 
ſituation of , gives Zm, to which add Lm, or take 
their difference, according to circumſtances, and we 
get ZL, which ſubtracted from AGC, or 180%, half 
the remainder will be AL the ſun's right aſcenſion at 
the firſt obſervation, to which add Lm, and we get the 

| GY ſtar's 
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ſtar's right aſcenſion at the ſame time. Inſtead of find- 
ing 6Z, we might have found 5Z, by taking TZ= es 


for the ſecond term, and thence we ſhould have got 


Zn. Thus we ſhould get the right aſcenſion of a 
ſtar, upon ſuppoſition that the poſition of the equator 
had remained the ſame, and the apparent place of the 


ſtar had not varied in the interval of the obſervations. 
But the interſection of the equator with the ecliptic 


has a retrograde motion, called the Preceſſion of the 
Equinoxes ; alſo, the inclination of the equator to the 
ecliptic is ſubjef to a variation, called the Nutation ; 
and from the Aberration of the ſtar, it's apparent place 


is continually changing; theſe muſt therefore be allowed 


for, by conſidering how much they have varied in the 
interval of the obſervations *. Having thus determined 
the right aſcenſion of one ſtar, that of the reſt may be 
found from it (Art. 111). 

113. The practical method of finding the right 
aſcenſion of a body from that of a fixed ſtar, by a 
clock adjuſted to ſidereal time, is thus. Let the clock 
begin it's motion from ok, O. o“ at the inſtant the firſt 


point of Aries is on the meridian; then, when any ſtar 


comes to the meridian, the clock would ſhow the ap- 


parent right aſcenſion of the ſtar, the right aſcenſion 


being eſtimated in time, at the rate of 1 5* for an hour, 
provided the clock was ſubject to no error, becauſe it 
would then ſhow, at any time, how far the firſt point | 
of Aries was from the meridian. But as the clock is 
neceſſarily liable to err, we muſt be able at any time to 
aſcertain what it's error 1s, that is, what is the differ- 
ence between the right aſcenſion ſhown by the clock 


and the right aſcenſion of that point of the equator 
which 


* See my Complete Syſtem of Aftronomy, Art. 119. 
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which is at that time on the meridian. To do this, 
we muſt, when a ſtar, whoſe apparent right aſcenfion 
is Known, paſſes the meridian, compare it's apparent 
fight aſcenſion with the right aſcerifion ſhown by the 
clock, and the difference will ſhow the error of the 
clock. For inſtance, let the apparent right aſcetfion 
of Aldebaran be 4k: 23. 30“ at the time when it's tranſit 
over the meridian 1s obſerved by the clock, and ſup- 
poſe the time ſhown by the clock to be 44. 23“, 52”, 
then there is an error of 2” in the clock, it giving the 
right aſcenſion of the ftar 2” more than it ought, If 
the clock be compared with ſeveral ſtars* and the mean 
error taken, we ſhall have, more accurately, the error 
at the mean time of all the obſervations. Theſe obſer- 
vations being repeated every day, we ſhall get the rate, 
of the clock's going, that is, how faſt it gains or loſes. | 
The error of the clock, and the rate of it's: going, being 
thus aſcertained, if the time of the tranſit of any body 
be obſerved, and the error of the clock at the time be 
applied, we ſhall have the right aſcenſion of the body. 
This is the method by which the right aſcenſion of the 
ſun, moon, and planets are regularly found in Obſer- 
vatories. | 5 ey 

114. The right aſcenſion of the heavenly bodies be- 
ing thus aſcertained, the next thing to be explained is, 
the method of finding their declinations. Take the 
apparent altitude of the body, when it paſſes the meri- 
dian, by an aſtronomical quadrant, as explained in my 

| Treatiſe 

* The ſtars uſed for this purpoſe at the Obſervatory at Greenwich 
are thoſe whole 4R's Dr. Ma $KELYNE ſettled to a very great de- 
gree of accuracy. As many of theſe as conveniently can, are ob- 
ſerved every day, in order to aſcertain the going of the clock, and 
for no other purpoſe. | 
Vor. IV. 5 


come to treat of the Parallax. *& 
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Ti reatiſe on Praflical Aſftronomy.; correct it. for. parallax 


'- and refraction, and for the error of the line of collima- 


tion of the inſtrument, if neceſſary, and you get the 
true meridian altitude, the difference between which 
and the altitude of the equator (Art. 85) (which is 


cqual to the complement of the latitude previouſly de- 


termined), is the declination required. 


Ex. On April 27, 1774. the zenith diſtance of the 
moon's lower limb, when it paſſed the meridian at 
Greenwich, was 68*. 19“. 3 33 it's parallax in altitude 
was 56“. 19“, 2, allowing for the ſpheroidical figure of 
the earth; the barometer ſtood at 29, 58, and the ther- 
mometer at 493 to find the declination. 


Obſerved W diſtance of L. L. 68˙. 19“ 37 3 


Refr. cor, for bar. and ther. + 2. 23 


ä 


— —_ 


68 %» + #- 00; 3 


| Parallax Wt 9d r 1071S" — 56.19, 2 


True zenith diſtance of L. L. 67 25 41, Li”; 


Semidiameter «- = — 16. 35 


True zenith diſtance of the center 67 . 9 6; 1 | 
Latitude -. 51. 28. 40 


Declination ſouth 15 40. 26, 1 


The horizontal parallax and ſemidiameter may be 
taken from the Nautical Almanac; and the parallax in 
altitude may be found, as will be CNN, when we 


w 6 


Given 
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Given the. Right Aſcenſion « and Declination of an Heavenly 
Body, and the obliquity of the Rn to find it's Lati- 
tude and Longitude. 


Let s be the body, C the ecliptic, o 2 the equa- 
tor, sr, 5p perpendicular to ꝙ C, Y 2. Then rad. : 
ſin. pp :: cot. 5p : cot. Sp p*, Hence, sypp F 
9 op CS 7. Alſo, 


col. 2 p: rad. :: tan. pv : tan. 3 
rad. : coſ. Spr :: tan. s  : tan. 1 


*. col, 5 pp : col. SP? :: tan. p: tan. 1 
col. S<pr X tan. p 
col. SPP 
rad. : : ſin. ro :: tan. r: tan. ar the tangent of latitude.” 

In like manner, the right aſcenſions and declinations 
of the fixed ſtars being found from obſervation, their 
latitudes and longitudes may be computed, and thus 
a catalogue of all the fixed ſtars may be made for any 
time. But as both the equator and ecliptic are ſubject 
to a change in their poſitions, the right aſcenſion, de- 
_ clination, latitude and longitude of all the fixed ſtars 
will vary. And if their annual variations be com- 
puted, their right 3 &c. may be found at 
any other time. 


the tangent of the longitude. _ 


Join V by an are of a great circle. 
- YZ 


# 
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115. If the latitude and longitude be given, the 
right aſcenſion and declination may be found in the 
ſame manner; conſidering 4 2 to repreſent the — ; 
and ꝙ C the equator. _ 


h 


r 


ON THE EQUATION OF TIME. 


x Art. 116, He NG explained, in the laſt Chapter, 


the practical methods of determining 
the place of any body in the Heavens, we come next 
to the conſideration of another circumſtance not leſs 
important, that is, the irregularity of time as meaſured 


by the ſun, The beſt meaſure of time which we have, 


is a clock regulated by the vibration of a pendulum. 
But with whatever accuracy a clock may be made, it 
muſt be ſubject to go irregularly, partly from the imper- 
fection of the workmanſhip, and partly from the expan- 
ſion and contraction of the materials by heat and cold, 
by which the length of the pendulum, and conſequently 
the time of vibration, will vary. As no clock therefore 
can be depended upon for keeping time accurately, it 
is neceſſary that we ſhould be able to aſcertain at any 
time, how much it is too faſt or too ſlow, and at what 
rate it gains or loſes, For this purpoſe it muſt be com- 
pared with ſome motion which is uniform, or of which, 


if it be not uniform, you can aſcertain the variation. 
The motions: of the heavenly bodies have therefore 


been conſidered! as moſt proper for this purpoſe. Now 
the earth revolving) uniformly about it's axis, the appa - 


rent diurnal motion of the fixed ſtars about the axis 
muſt be uniform. If a clock therefore be adjuſted to 
go 24 hours from the paſſage of any fixed ſtar over the 
meridian till it returns to it again, it's rate of going 

. may 
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may be at any time determined by comparing it with 
the tranſit of any fixed ſtar, and obſerving whether the 
interval continues to be 24 hours; if not, the difference 
ſhows how much it gains or loſes in that time. A clock 
adjuſted to go 24 hours in this interval, is faid to be 
adjuſted to fidereal time. But if we compare a clock 
with the ſun, and adjuſt it to go 24 hours from the 
time the ſun leaves the meridian on any day, till it 
returns to it the next day, which is a true ſolar day, 
the clock will not, even if it go uniformly, continue 
to agree with the ſun, that is, it will not ſhow 12 
when the ſun comes to the meridian. 
117. Let P be the pole of the earth, VWyZ it's oqua- 
tor, and ſuppoſe the earth to revolve about it's axis in 
the order of the letters vwyz; let + DLE be the celeſ- 


F. 


tial equator, and o CL the ecliptic, in which the fon 
moves according to that direction. Let the ſun be at a, 
m, when on the meridian of any place on two ſucceſſive 
days, and draw Poae, Prmp, ſecondaries to the equa- 
tor, and let the ſpectator be at s on the meridian Pw, 
with the ſun at @ on his meridian. Then when the 
earth has made one revolution about it's axis, Psv is- 

: come 
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dome again into the ſame poſition ; but the ſun having 
moved forward, the earth muſt continue to revolve, 
in order to bring the meridian PS into the poſi- 
tion Pri, fo that the ſun may be again in the ſpec- 
tator's meridian. Now the angle v Pr is meaſured by 
the arc ep, which is the increaſe of the ſun's right 
aſcenſion in a true ſolar day; hence, the length of a 
true ſolar day is equal' to the time of the: earth's rotation 
about it's axis + the time of it's deſcribing an angle equal ro 
the increaſe of the fu's right aſcenſion in a true folar 
day. Now if the ſun moved uniformly, and in the equa- 
tor DLE, this increaſe ep would be always the fame 
in the fame time, and therefore the ſolar days would be 
always equal; but the ſun moves in the ecliptic ꝙ CL, 
and therefore if it's motion were uniform, equal arcs 
(am) upon the ecliptic would not give equal arcs (ep) 
upon the equator v. But the motion of the ſun is not 
uniform, and therefore am, deſcribed in any given 
time, is ſubject to a variation, which muſt neceſſa- 
rily make ep variable. Hence, the increaſe ep of the 


ſun's right aſcenſion in a day varies from two cauſes, 


that is, from the obliquity of the ecliptic to the equator, 
and from the unequal motion of the ſun in the ecliptic; 
therefore the length of a true ſolar day is ſubject to a 
continual variation; conſequently a clock adjuſted to 
80 24 hours for any one true ſolar day, will not 

continue 


* For draw mt parallel to eh, and ſuppoſe.ma to be indefinitely 
ſmall ; then by plain trigonometry, 
ma: mt :: rad. : ſin. mat, or Yae, 


mt: ep :: coſ. ae: rad. (Art. 13) 
na ep :: coſ. ac: ſin. Jae :: (becauſe fin, Yae = 


col. a Ve rad. 
col. ae 


col, ae : coſ. a Ve & radius; hence, the ratio of ma to ep is variable 


D 4 
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continue to ſhow:12 when the ſun comes to the meri⸗ 
| dian, becauſe the intervals by the clock will continue 
equal (che clock being ſuppoſed neither to gain or loſe), 
| bug the interyals of the ſun's paige over che meridian 
VO: 

438. As the ſun moyes hrovgh 366? of right * 
- ſion, i in 3654 days, ven nearly, therefore 3654 days. 
| day. ::,360?. :.59'. 8”,2 the ingreaſe of right aſcenſion 

one day, if the increaſe were uniform, or it would 

4 the increaſe in a man ſolar. day, that is, if the ſolat 
days were all equal. If therefore a clock be adjuſted 
ta go 24 hours in a mean ſolar day, it cangot continyg 
| to;coincide wick che fun, that is, to ſhow 12 When the 
ſun is on the meridian; but the ſun will paſs the meric 
dap, ſometimes: before. 12 and. ſometimes after. This 
difference is called the Equation of Time. A clock thuz 
adjuſted i is {aid; to be adjuſted; to mean ſolar time c. The 
time ſhown, by the clock is called rue or mean time, 
and. that ſhown by the ſun is called apparent time. 
What we call apparent time the French call fru. 
119. A clock adjuſted to go 24 hours in a mean 
ſolar day, would coincide with. an imaginary ſtar moy- 
ing uniformly, i in the equator. with the ſun's mean mo- 
tion 59“. 8,2 in right aſcenſion, if the ſtar were to ſet 


off from any given meridian when the clock ſhows 1a 


that is, thę clock would always ſhow.12 when, the ſtar 
came to the meridian, becauſe the interval of the paſ- 
ſages of this har over the wwe would be a mean 


W * a 4 ſolar 


— e 59,8% 2 about it's axis 
in a mean ſolar day of 24 hours, ant an angle of 360% i a fidereal 
day, therefore 360. 59%. 8% 2: 3608. :: 24h. : 23. 560. 4”,098 the 

length of a ſidereal day in mean. ſolar time, or the time from the 
. „„ 
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ſolar day. This ſtar therefore, if we reckon it's motion 
from the meridian, in time, at the rate of 1 hour for 1 5˙i 
would always coincide with the clock; that is, when 
the clock ſhows 1 hour, the ſtar's motion would be 1 
hour in right aſcenſion, reckoned in time at the rate of 
15* for an hour; when the clock ſhows 2 hours, the 
ſtar's motion would be 2 hours; and ſo on, Hence, 
this ſtar may. be ſubſtituted inſtead of the clock ; theres 
fore when the ſun paſſes the given meridian, the differ- | 
ence between. it's right aſcenſion. and that of the ſtar, 
converted into time, is the difference between the time 
when the fun is on the meridian and 12 o'clock, or the 
equation of time; becauſe the given meridian paſſes 
through the ſtar at 12 o'clock, and it's motion, in reſpect 
to that ſtar, is at the rate of 15? in an hour (Art, 121); 

120. Now. to. compute. this. equation of time, let 
2 be the ecliptic, AL the equator, A the firſt 


point of aries, P the ſun's apogee, & any place of the 
ſun; draw Sv perpendicular to the equator, and take 
An = AP. When the ſun departs from P, let the ima- 


8 ginary ſtar ſet out at with the ſun's mean motion in 


| right aſcenſion, or longitude, or at the rate of 59'. 8”,2 

in a day, and when » paſſes the meridian let the clock 

be adjuſted to 12, as deſcribed in the laſt Article: 

| Theſe are the correſponding poſitions of the clock and 

ſun, as aſſumed by. Aſtronomers. Take am s, and 

when the ar comes to n, the place of the ſun, if it 
omen 
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moved uniformly with it's mean motion, would be at , 


but at that time let & be the place of the ſun. Now let 


the ſun at 8, and conſequently v, be on the meridian ; 


and then as m is the place of the imaginary ſtar at that 


inſtant,” mv is the equation of time. The ſun's. mean 
place is at 3, and as An = AP, and nm= Ps, therefore 
An APs, conſequently mv = Av— Am= Au APs. 
Let & be the mean equinox *, and draw az perpendi- | 
cular to AL; then Am=42z+2m= Aa x coſ. 2E 
zn = (becauſe coſ. aAz (23*.'28') = ff very nearly) 
22 Aa+zm; hence, mv= Av— Zz 4 Aa; but 4 
is the ſun's true right aſcenſion, zm is the mean right 
aſcenſion, or mean lorigitude, and ** 4 (Ax) is the 
equation of the equinoxes in right aſcenſion; hence, 


the equation of time is equal to the difference of the ſun's 


true right aſcenſion, and it's mean longitude correfled by the 
equation of the equinoxes in right aſcenſion. When Am is 

5 than Av, mean time precedes apparent, and when 
PFeater, apparent time precedes mear; for as the earth 
turns about it's axis in the direction Av, or in the order 
of right aſcenſion, that body whoſe right aſcenſion is 


leaſt muſt come upon the meridian firſt. That is, when 


the ſun's true right aſcenſion js greater than it's mean 


: longitude corrected as above, we muſt add the equa- 


tion of time to the apparent, to get the mean time; and 


when it is, /eſs, we muſt ſubtraft. To convert mean 


time into apparent, we muſt ſubtract in the former caſe 


and add-in the Jatter, This Rule for computing the 


equation of time was firſt given by Dr. MAs&zLYNE 


in the Phil. Tranſ. 1764. 

| | 121. As 
be enn has & retrograde motion, and that motion is not 

uniform; we here therefore ſuppoſe @ to be the point where the 


equinox would SO * moved aniformly with it's moos 


velocity. 
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121. As a meridian of the earth, when it leaves m, 
returns to it again in 24 hours, it may be conſidered, 
when it leaves that point, as approaching a point at 
that time 360 from it, and at which it arrives in 24 
hours. Hence, the relative velocity with which a me- 
ridian accedes to or recedes from, m, is at the rate of 
15 in an hour. Therefore wher! the meridian paſſes 
through v, the arc vm, reduced into time at the rate of 
15* in an hour, gives the equation of time at that 
inſtant. | Hence, the equation of time is computed for 
the inſtant of apparent noon. Now the time of appa- 
rent noon in mean ſolar time, for which we compute, 
can only be known by knowing the equation of time. 
To compute therefore the equation on any day, you 
muſt aſſume the equation the ſame as on that day four 
years before, from which it will differ but very little, 
and it will give the time of apparent noon, ſuthciently 
accurate for the purpoſe of computing the equation. 
If you do not know the equation four years before, 
compute the equation for noon mean time, and that 
will give apparent noon 3 2 


Ex. To find the equation of i time on July I, 1792, 
- for the meridian of Greenwich, by Marzr's Tables. 


The equation on July 1, 17 88, was, by the Nautica 
Almanac, 3'. 28”, to be added to apparent noon, to give 
the correſponding mean time; hence, for July r, 1 7925 
at oll. 3, 2 28" compute the true longitude -x 

Epoch 


* The reaſon of this operation will appear to thoſe who under- 
ſtand the method of computing the place of the ſun from the ſolar / 
Tables. The explanation of ſuch matters comes not within the 
plan of this work. See my Complete Sem of Aftronomy. 
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With this true longitude, and obl 


7 


27. 48",4 


1quity 23 


found ta be 3“. 115. 5. 41”,25; alſo the equation of 


2 
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2 
We 
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the 


longitude 0%; hence, 


The 
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The mean longitude - 3% 10“. 13 25",4. 
2 of — 06 - — — o, 55 


— WY 


Mean longitude corrected 3. 10. 13. 24485 
True right aſcenſion 3: 11. 5. 41,25 


RS... a . 16, 4 


TIT 


Which en! into time gives 30. 29,1 — the true 
equation of time ; which muſt be added to apparent to 
give the true time, becauſe the true right aſcenſion i is 
. than the mean longitude. 


\ 


1322. The ſun's apogee P has a progreſſive motion, 
and the equinoctial points A, L, have a regreſſive mo. 
tion ; the-inclination alſo of the equator to the ecliptic 
is ſubje& to a conſtant variation. Hence, the ſame 
Table of the equation of time cannot continue to ſerve 
for the ſame degree of the ſun's longitude. Alſo, the 
ſun's longitude at noon at the ſame place is different 
for the ſame days on different years, and it is for appa- 
rent noon that the equation is computed. For theſe 
reaſons, the equation of time muſt be compured a-new 
for every year. by 

123. Whenever it is required to make any calcula- 
tions from Aſtronomical Tables, and the time given is 
apparent time, the equation of time muſt be applied 
to convert it into mean time, and for that time the 
computations. muſt be made, the Tables being diſpoſed: 
according to mean motions. Thus, if it were required 
to find the ſun's place on any day at apparent noon, 
the equation of time that day at apparent noon muſt 
be applied to 12, clock, and: then the ſun's. place 

computed 
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computed. from the tables for that time. All the articles 
in the Nautical Almanac, anſwering to NOON, are com- 

puted this ſame manner. 
Tube two inequalities are ſometimes ſeparately conſi- 
dered thus. Firſt, that ariſing from the obliquity of the 
ecliptic. Let the ſun and the imaginary ſtar ſet off 
together from L, and Tet us now aſſume LS= Ln; 
and let each move uniformly with the mean velocity, 
and then they will come to $ and m together. Now 
when Lo is greater than go?, the hypothenuſe LS is 
leſs than the baſe Lv; therefore Lm is leſs than Lv 
(the caſe repreſented by the Figure); the ſtar there- 
fore being left behind comes upon the meridian firſt, and 
conſequently true time precedes apparent. But when 
IS is leſs than go?, the hypothenuſe LS is greater than 
the baſe Lv; therefore L is greater than Lv, and 1 
hes on the other ſide of v; therefore the ſun comes upon 
the meridian firſt; conſequently apparent time precedes 
true. Hence, from equinox to tropic, apparent time 
precedes truez and from tropic to equinox, true time 
precedes apparent. Secondly, that arifing from the un- 
equal motion of the earth in it's orbit. Let us ſuppoſe 
the ſun to move about the earth inſtead of the earth 
about the ſun, the effe& here being juſt the ſame, 
and this ſuppoſition will render the explanation eaſier. 
Let the ſun depart from the apogee, and the imagi- 
nary ſtar at the ſame time, with the mean aygular 


__ of the ſun, ſo that the whole, and conſequently 
the half of their revolutions, will be performed in the 
ſame time. Now when the ſun is at it's greateſt diſ- 
F . tance, it's velocity is leſs than it's mean velocity, and 
1 equently leſs than the velocity of the ſtar; the ſtar 
* getting forwarder than the fuo, the ſun comes 


upon 
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upon the meridian firſt, and therefore apparent time 
precedes true; and this will continue till the ſun comes 
to it's leaſt diſtance, where, having performed half it's 
revolution, the ſun and ſtar will coincide, as above ob- 
ſerved. The ſtar will continue to recede from the ſun, 
as long as the ſun's velocity is leſs than it's mean velo- 


city, which happens when the ſun is near it's mean 
| diſtance; and after that, the ſun will approach the ſtar, 


having a greater velocity than that of the ſtar. Hence, 
from apogee to perigee, true time precedes apparent. 


Now the ſun and ſtar departing together from perigee, A Fee. .. 


the ſun's velocity is greater than that of the ſtar; the ſtar 
therefore being left behind, comes upon the meridian 
firſt, and true time precedes apparent ; and this will 
continue till the ſun comes to the apogee, where they 


again coincide. Hence, from perigee to apogee, true 


time precedes apparent. 
13124. Whenever the time is computed from the ſun's 
altitude, that time muſt be apparent time, becauſe we 
compute it from the time when the ſun comes to the 
meridian, which is noon, or 12 o'clock apparent time. 
Hence alſo, the time ſhown by a dial is apparent time, 
and will differ from the time ſhown by a well regulated 
watch or clock, by the equation of time. A clock or 
watch may therefore be regulated by a good dial; for 
if you apply the equation, as before directed, to the 
apparent time- ſhown by the dial, it will give the 
mean time, or that which the clock or watch ought 
to ſhow, 

125. The Equation of Time was known to, and 
made uſe of by ProLEMY. Tycao employed only 
one part, that which ariſes from the unequal motion 
of the ſun in the „ ; but KEPLER made uſe of 
| both 


t 
: 


1 
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both parts. He further ſuſpected, that there was a 
third cauſe of the inequality of ſolar days, ariſing from 
the unequal motion of the earth about it's axis. But 
the Equation of Time, as now computed, was not 
generally adopted till 1672, when FLAMSTEAD pub- 

| liſhed a Differtation upon it, at the end of the works 
of HorRox. 


CHAP. 
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ERA F VT; 


ON THE LENGTH OF THE YEAR, THE PRECESSION 


OF THE EQUINOXES FROM OBSERVATION, AND 


THE OBLIQUITY OF THE ECLIPTIC. 


Art. 126. 1 comparing the ſun's right aſcen- 


ſion every day with that of the fixed ſtars 


lying to the eaſt and weſt, the ſun 1s found conſtantly to 
recede from thoſe on the weſt, and approach to thoſe 
on the eaſt; and the interval of time from it's leaving 
any fixed ſtar till it returns to it again, is called a fidereal 
year, being the time in which the ſun completes it's 
revolution amongſt the fixed ſtars, or in the ecliptic. 
But the ſun, after it leaves either of the equinoctial 
points, returns to it again in a leſs time than it returns 
to the ſame fixed ſtar, and this interval is called a ſalar 
or tropical year, becauſe the time from it's leaving one 
equinox till it returns to it, is the ſame as from one 
tropic till it comes to the ſame again. This is the year 
on which the return of the ſeaſons depends. 


99 On the Sidereal Year, 


127. To find the length of a fidereal year. On any 
day, take the difference between the ſun's right aſcenfion 
when it paſſes the meridian and that of a fixed ſtar; and 
when the ſun returns to the ſame part of the heavens 
the next year, compare it's right aſcenſion with that of 
the ſame ſtar for two days, one when their difference 
of right aſcenſions is leſs, and the other when greater 

Vor. IV. E than 
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than the difference before obſerved ; and let D be the 
increaſe of the ſun's right aſcenſion in this interval of 
one day; then take the difference (d) between the dif- 
ferences of the ſun's and ſtar's right aſcenſions on the 
firſt of theſe two days and on the day when the obſer- 
vation was made the year before; and let ? be equal to 
the exact time between the tranſits of the ſun over the 
meridian on the two days; then D: d:: f;: the time 
from the paſſage of the ſun over the meridian on the 
firſt day, to the inſtant when 1t had the ſame difference 
of right aſcenſion, compared with the ſtar, which it had 
- the year before ; the interval between theſe two times, 
when the difference of right aſcenſion is the ſame, is 
the length of a ſidereal year. The beſt time for theſe 
obſervations is about March 25, June 20, September 
17, December 20, the ſun's motion in right aſcenſion 
being then uniform. Inſtead of obſerving the differ- 
ence of the right aſcenſions, you may obſerve that of 
their longitudes. | 
If inſtead of repeating the ſecond obſervations the 
year after, there be an interval of ſeveral years, and 
ou divide the obſerved interval of time when the 
difference of their right aſcenſions was found to be 
equal, by the number of years, you will have the length 
of a ſidereal year more exactly. 


Ex. On April t, 1669, at ol. 3“. 47“ mean ſolar 
time, M. Pie ard obſerved the difference between the 
ſun's longitude and that of Procyon to be 3˙. 8*. 59. 36”, 
which is the moſt ancient obſervation of this kind, the ac- 
curacy of which can be depended upon, ſee Hip. Celefte, 
par M. le Monnier, pag. 37. And on April 2, 1745, 
M. de la CAaiLLE found, by taking their difference of 

longi- 
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longitudes on the ad and zd, that at 11h. 10. 45 
mean ſolar time, the difference of their longitudes was 
the ſame as at the firſt obſervation. Now as the ſun's 
revolution was known to be nearly 365 days, it is 
manifeſt that it had made in this interval 76 complete 
revolutions, in reſpect to the ſame fixed ſtar, in the 
ſpace of 76 years 1d. 114. 6'. 58”. Now in theſe 76 
years, there were 58 of 365 days, and 18 biſſextiles of 
366 days; that interval therefore contains 277 59d. 114. 
6. 58”, which being divided by 76, the quotient is 
365d. 6h. 8“. 47” the length of a fidereal year. From 
the moſt accurate obſervations, the length of a ſidereal 
year is found to be 365d. 64. 9. 11”, 5 


On the Tropical Year, 


100 Obſerve the meridian altitude (a) of the ſun 
on the day neareſt to the equinox; then the next year 
take it's meridian altitude on two following days, one 
when it's altitude (m) is leſs than a, and the next when 
it's altitude (2) is greater than a, and -n is the in- 
creaſe of the ſun's declination in 24 hours; hence, 
1 -M: 42 M:: 24 hours: the interval from the time of 
being on the meridian on the firſt of the two days till 
the ſun has the ſame declination as at the obſervation 
the year before; becauſe at that time the ſun's declination 
increaſes uniformly. Hence, we find the time when the 
ſun's place in the ecliptic had the ſame ſituation in re- 
ſpect to the equinoctial points which it had at the time 
of the obſervation the year before. Therefore this 4th 
term being added to the number of days between the 
two firſt obſervations, gives the length of a tropical year. 

If inſtead of repeating the ſecond obſervation the 
next year, there be an interval of ſeveral years, and you 

E 2 divide 
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divide the interval between the times when the declina- 
tion was found to be the ſame, by the number of years, 
you will get the time more exactly, 


Ex. M. Cassin1 informs us, that on March 20, 
1672, his Father obſerved the meridian altitude of the 


ſun's upper limb at the Royal Obſervatory at Paris, to 
be 41%. 43“; and on March 20, 1716, he himſelf ob- 


ſerved the meridian altitude of the upper limb, to be 


415. 27'. 10”; and on the 21ſt to be 41. 51'; therefore 


the difference of the two latter altitudes was 230. 50”, 
and of the two former 15. 50“; hence, 23“. 50“: 180 
50“ :: 24 hours : 15h. 56“. 39”; therefore on March 


20, 1716, at 15h. 56“. 39“ the ſun's declination was 


the ſame as on March 20, 1672. Now the interval 
between theſe two obſervations was 44 years, of which 
34 conſiſted of 365 days each, and 10 of 366; there- 
fore the interval in days was 16070 ; hence, the whole 
interval berween the equal declinations was 16070 days 
I 5h. 56. 390 „which divided by 44, gives 365d. 5. 
49. 0“. 53“ the length of a tropical year from theſe 
obſervations. From the beſt obſervations, the length 
of a tropical year is found to be 3659. 5h. 48'. 48”. 


To find the Preceſſion of the E quinoxes from Obſervation. 


129. The ſun returning to the equinox every year 


before it returns to the ſame point in the Heavens, 


ſhows that the equinoCtial points have a retrograde 
motion, which ariſes from the motion of the equator, 
and this is cauſed by the attraction of the ſun and moon 


upon the earth, in conſequence of it's ſpheroidical 


— The effect of this is, that the longitude of the 
ſtars 
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ſtars muſt conſtantly increaſe ; and by comparing the 
longitude of the ſame ſtars at different times, the mo- 
tion of the equinoctial points, or the preceſſion of the 
equinoxes, may be found. ' 

130. Hiryarxcavs was the firſt perſon ** ob- 
ſerved this motion, by comparing his own obſervations 
with thoſe which TixocHARISs made 155 years before. 
From this he judged the motion to be one degree in 
about 100 years; but he doubted whether the obſerva- 
tions of TIocHARIS were accurate enough to deduce 
any concluſion to be depended upon. In the year 128 
before J. C. he found the longitude of Yirgin's Spike to 
be'5s. 24*; and in the year 1750 it's longitude was 
found to be 6s. 20%. 21', the difference of which is 
26%. 21'. In the ſame year he found the longitude of 
the Lyons Heart to be 35. 29%. 5o'; and in 1750 it was 
45. 26%. 21', the difference of which is 26. 31'. The 
mean of theſe two gives 26˙. 26' for the increaſe of 
longitude in 1878 years, or 500. 40“ in a year, for the 
preceſſion, By comparing the obſervations of AL RA- 
TEGNIUS in the year 878 with thoſe! made in 1738, 
the preceſhon appears to be 51”. 9“, From a compa- 
riſon of 15 obſervations of TYcno with as many made 
by M. de la CAILLE, the preceſſion is found to be 
50". 20”, But M. de la Laxpe, from the obſerva- 
tions of M. de la CaiLLE compared with thoſe in 
FLAMSTEAD's Catalogue, determines the ſecular pre- 
ceſſion to be 15. 23'. 45”, or 50 „25 in a year. 

131. The preceſſion being given, and alſo the length 
of a tropical year, the length of a ſidereal year may be 
found by this proportion; 360 — 50%, 25: 3609. ; 
3654. 5h. 48'. 48“: 365d. 6%. 9“. 1 V's the length of 
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On the Anomaliftic Year. 


132. The year, called the anomaliſtic year, is ſome- 


times uſed by Aſtronomers, and is the time from the 


ſun's leaving it's apogee till it returns to it. Now the 
motion of the ſun's apogee is 1'. 2” every year, in lon- 
gitude, or in reſpe& to the * according to 


M. de la LAN PDE; therefore 1“. — o! ;26=11"',75 


the progreſſive motion of the _— in a year, and 
hence, the anomaliſtic muſt be longer than the fidereal 
year by the time the ſun takes in moving over 11”,75 
of longitude at his apogee ; but when the ſun is in it's 
apogee, it's motion in longitude is 58”. 13 in 24 hours; 
hence, 58“. 13” : 11",75 :: 24 hours: 4. 50%, which 
added to 365d. 61. 9. 114“ gives 365d. 6d. 14. 2”; for 
the length of the anomaliſtic year. M. de la LAxpE 
determined this motion of the apogee, from the obſer- 
vations of M. de la Hire and thoſe of Dr. MAsx E- 
LYNE. CassIN1 made it the ſame. Mayer made 
t 1. 6” in his Tables. 


On the Obliquity of the Eeliptc 
133. The method uſed by Aſtronomers to determine 


the obliquity of the ecliptic is that explained in Art. 86. 


by taking half the difference of the greateſt and leaſt 
meridian altitudes of the fun. The following is the 
obliquity, as determined by different Aſtronomers. 


ERATOSTHENES 230 years before 4 C. 23˙. 617. 20” 
Hirraxcnus 140 years before J. C. 23. 51.20 


PTOLEMY 140 years after J. C. 23. 51. 10 
Papevs | in the year 390 - - 23:90: 4 
| ALBAs 
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ALBATEGNIUs in 880 = „ 
ARZACHEL in 1070 » — 23.34. © 
PrRoPHATIVUS in 1300 E 
REG10MONTANUS in 1460 - 23. 30. © 
CoPERNICUS In 1500 - - 23 . 28. 24 
WALTHERUS in 1490 - 23.29. 47 


Tycno in 1587 - - — $3. 29. 30 
Cassini (the Father) in 16656 23. 29. 2 
Cass1N1 (the Son) in 1672 - = 23. 28. 54 
FLAMSTEAD in 1690 - - 23.28. 48 
De la CAILLE in 1950 = - 23. 28. 19 
Dr. BaADLEY in 170 - 23.28. 18 
MArkR in 1750 = = «.' 27. 28. 18 
Dr. MasxELYNE in 1769 23. 28. 8,5 
M. de la Lanvt in 19768 - 23. 28. 0 


The obſervations of ALBATEGNIVSs, an Arabian, 
are here corrected for refraction. Thoſe of War- 
THERUS, M. de la CaiLLE computed. The obliquity 
by Tycho is here put down as correctly computed 
from his obſervations. Alſo the obliquity, as deter- 
mined by FLAMSTEAD, is corrected for the nutation 
of the earth's axis. Theſe corrections M. de la LAND 
applied. 

134. It is manifeſt from the above obſervations, that 
the obliquity of the ecliptic continually decreaſes ; and 
the irregularity which here appears in the diminution 
we may aſcribe to the inaccuracy of the ancient obſer- 
vations, as we know that they are ſubject to greater 
errors than the irregularity of this variation, If we 
compare the firſt and laſt obſervations, they give a 
diminution of 70” in 100 years. If we compare the 
laſt with that of Tycho, it gives 45”. The laſt com- 
P 5 pared 
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| - pared with that of FramsTEAaD gives 5o”. If we 
1 compare that of Dr. MAsxELVYxXE with Dr. BRAp- 

1 LEY's and MayER's, it gives 50%. The companion 
4 


of Dr. MasxzLYNs's determination, with that of 
| M. de la LaxDe, which he took as the mean of ſeveral 
1 reſults, gives 50”, We may therefore ſtate the ſecular 
| * diminution of the obliquity of the ecliptic, at this 
time, to be 5o”, as determined from the moſt accy- 
rate obſervations. This reſult agrees very well with 
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c H A P. VI. 
ON PARALLAX. 


x Art. 13 SPE. center of the earth deſcribes that 
31 circle in the Heavens which is called 
the ecliptic ; but as the ſame object would appear in 
different poſitions in reſpect to this circle, when ſeen 
from the center and ſurface, Aſtronomers always re- 
duce their obſervations to what they would have been, 
if they had been made at the center of the earth, in 
conſequence of which, the places of the heavenly bodies 
are computed as ſeen from the ecliptic, and it becomes 
a fixed plane for that purpoſe, on whatever part of the 
earth's ſurface the obſervations are made. 
136. Let C be the center of the earth, A the place 
of the ſpectator on it's ſurface, S any object, ZH the 


* 


ſphere of the fixed ſtars, to which the places of all the 
bodies in our ſyſtem are referred; Z the zenith, ¶ the 
horizon; 
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| Horizon; drew CSm, ASn, and m is the place of $ ſeen | 
from the center, and » from the ſurface. Now the 

plane SAC paſſing through the center of the earth muſt 
be perpendicular to it's ſurface, and conſequently it 
will paſs through the zenith Z; and the points , u, 
lying in the ſame plane, the arc of parallax mn muſt 
lie in a circle perpendicular to the horizon, and hence 
the azimuth is not affected, if the earth be a ſphere. 
Now the parallax mn is meafured by the angle m$n, or 
ASC; and by trig. CS: CA:: fin. SAC, or fin. SAZ, : fin. 


ASC the parallax = as Ts 5 — As CA is conſtant, 


ſuppoſing the earth to be a ſphere, the fine of the pa- 
rallax varies as the fine of the apparent zenith diſtance 
directly, and the diſtance of the body from the center 
of the earth inverfely. Hence, a body in the zenith 
has no parallax, and art s in the horizon it is the greateſt. 
1 And if the object be at an indefinitely great diſtance, it 
has no parallax; hence, the apparent places of the fixed 
ſtars are not altered by it. As u is the apparent place, 
and is called the true place, the parallax depreſſes an 
object in a vertical circle. For different altitudes of the 
fame body, the parallax varies as the fine (5) of the 
apparent zenith diſtance; therefore if p = the horizontal 
parallax, and radius be unity, the fine of the parallax 
ps. To aſcertain therefore the parallax at all alti- 
tudes, we muſt firſt find it at ſome given altitude. 
137. Firf method, for the fun. ArtsTaRcnvs pro- 
poſed to find the ſun's parallax, by obſerving it's elon- 
gation from the moon at the inſtant it is dichotomized, 
at which time the angle at the moon is a right angle; 
therefore we may find the angle which the diſtance 
of the moon ſubtends at the ſun ; which diminiſhed i in 
| the 
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the ratio of the moon's diſtance from the earth's center 
to the fadius of the earth, would give the ſun's hori- 
zontal parallax. But a very ſmall error in the time 
when the moon is dichotomized, (and it is impoſſible 
to be very accurate in this) will make ſo very great an 
error in the ſun's parallax, that nothing can be de- 
deduced from it to be depended upon. VRN DELIIxUS 
determined the angle of elongation when the moon 
was dichotomized to be bf. 45', from which the ſun's 
parallax was found to be 15”. But P. Ricciorti found 
it to be 28” or 30“ from like obſervations, 

138. Second method. Hieearcnvs propoſed to 
| find the ſun's parallax from a lunar eclipſe, by the fal- 


towing method. Let & be the ſun, E the earth, Eu 


the length of it's ſhadow, ur the path of the moon in a 
central 
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central eclipſe. Obſerve the length of this eclipſe, and 
then, from knowing the periodic time of the moon, 
the angle m.Er, and conſequently à Er, will be known. 
Now the horizontal parallax ErB of the moon being. 
known, we have the angle Evr=ErB—uEr; hence, 
we know EAB*= AES- Eur AES— ErB Er; 
that is, the ſun's horizontal parallax = the apparent ſemi- 
diameter of the ſun the horizontal parallax of the 
moon +the ſemidiameter of the earth's ſhadow where the 
moon paſſes through it. The objection to this method 
is, the great difficulty of determining the angle 2E 
with ſufficient accuracy; for any error in that angle 
will make the fame error in the ſun's parallax, the 
other quantities remaining the ſame, By this method, 
ProLEMY made the ſun's horizontal parallax 2“. 50”. 
Tycho made it 3˙. 
139. Hird method, for the moon. Take the meri- 
dian altitudes of the moon, when it is at it's greateſt 
north and ſouth latitudes, and correct them for refrac- 
tion; then the difference of the altitudes, thus cor- 
reed, would be equal to the ſum of the two latitudes 
of the moon, if there were no parallax ; conſequently 
the difference between the ſum of the two latitudes and 
the difference of the altitudes, will be the difference be- 
tween the parallaxes at the two altitudes. Now to find 
from thence the parallax itſelf, let S, s be the fines of 
the greateſt and leaſt apparent zenith diſtances, P, p 
the fines of the correſponding parallaxes ; then as, when 
the diſtance is given, the parallax varies (Art. 136) as 
the fine of the zenith diſtance, &: 5 :: P: p, hence, 
S-$:$: P- 722 —7 
greateſt altitude. This 4 that the moon is at 
| the 


the parallax at the 


by Supply the hae 4E. 


8 R : » Pe. n . 
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the ſame diſtance in both caſes, but as this will not 
neceſſarily happen, we muſt correct one of the obſer- 
vations, in order to reduce it to what it would have 


been, had the diſtance been the ſame. If the obſerva- 


tions be made in thoſe places where the moon paſles 
through the zenith of one of the obſervers, the dif- 
ference between the ſum of the two latitudes and the 
Zenith diſtance at the other obſervation, will be the 
parallax at that altitude. 

140. Fourth method. Let a body P be obſerved 
from two places 4, B in the ſame meridian, then the 
whole angle APB 1s the ſum of the two parallaxes of the 


W 7 


two places. The parallax (Art. 136) APC= hor. par. 
x fin. PAL, taking APC for ſin. APC, and the pa- 
rallax BPC= lor. par. x fin. PBM'; hence, hor. par. x 


ſin. PAL + fin. PBM = APB, .*. hor. par. = APB di- 
vided by the ſum of theſe two fines. If the two places 
be not in the ſame meridian it does not ſignify, pro- 


vided we know how much the altitude varies from the 


change of declination of the body in the interval of the 
paſſages over the meridians of the two obſervers, | 


Ex. 
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Ex. On Oct. 5, 1751, M. de la CA1LLE, at the 


Cape of Good Hope, obſerved Mars to be 1'. 25",8 


vertical circle Z K, and draw the ſecondaries Pva, Pr6; 


and vs: ab :: coſ. va: 1 (Art. 13); hence, vr : ab :: 


below the parallel of a in aquarius, and at 2 5* diſtance 
from the zenith. On the ſame day at Stockholm, 


Mars was obſerved to be 1. 57 below the parallel of 


a and at 68. 14 zenith diſtance. Hence, the angle 
APB is 31“ 9, and the fines of the zenith diſtances 
being o, 4226 and o, 9287, the horizontal parallax was 
23”,6. Hence, if the ratio of the diſtance of the earth 
from Mars to it's diſtance from the ſun be found, we 
ſhall have the ſun's horizontal parallax, the horizontal 
parallaxes being inverſely as their diftance from. the 
earth (Art. 136). | 


141. Fifth method. Let Eg be the equator, P it's. 
* Z the zenith, v the true place of the body, and r 
| * . 22. 
beraude {Peay = 7h 
= 4 #1 +4 YUY 
ge, zur: 1m 


. 3 = £ X 


/ 


— 


the apparent place, as deprefled by parallax in the 


then ab is the parallax in right aſcenſion, and rs in de- 
clination. Now vr: vs :: 1 (rad,) : fin. vrs, or ZvP, 


— Ur x ſin. ZvP 
Col. va 


col. vs ; fin. Z VP,. 4 — but vr= 


hor. 
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hor. par. x fin. vZ (Art. 136), and fin. vZ : fin. Z P:: fin. 
ſin. ZP x fin. ZPv 


2 po: fin. ZvP = * 7 ; therefore by | 


2 bar. x fin. Z Px ſin. Z Po 
col. va 

for the ſame ſtar, where the hor. par. is given, the 

parallax in right aſcenſion varies as the fine of the hour 

angle. Alſo the hor. par. = f. 25 _— Do; For 

the eaſtern hemiſphere, the apparent place 5 lies on the 

equator to the eaſt of @ the true place, and therefore 


- Hence, 


the right aſcenſion is diminiſhed by parallax ; but in 3 


the weſtern hemiſphere,  b lies to the weſt of a, and 


therefore the right aſcenſion is increaſed. /Hence, if * 


the right aſcenſion be taken before and Mer the meri- 
dian, the whole change of parallax in right aſcenſion 
between the two obſervations is the ſum (5) of the two 
parts before and after the meridian, and is therefore = 


= x ſum (S) of the fines of the two hour angles; 


coſ. v 


and che . par. 22 5 — On the meridian ther# 


is no parallax in right aſcenſion. 

142. To apply this Rule, obſerve the right er- 
ſion of the planet when it paſſes the meridian, com 
pared with that of a fixed ſtar, at which time there is 
no parallax in right aſcenſion; about 6 hours after, 
take the difference of their right aſcenſions again, and 
obſerve how much the difference (4) between the ap- 
parent right aſcenſions of the planet and fixed Rar has 
changed in that time. Next, obſerve the right aſcen- 
fion of the planet for 3 or 4 days when it paſſes the 
meridian, in order to get it's true motion in right 

aſcen- 
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aſcenſion ; then if it's motion in right aſcenſion in the 
above interyal of time between the taking of the right 
aſcenſions of the fixed ſtar and planet on and off the 
meridian be equal to d, the planet has no parallax in 
right aſcenſion ; but if it be not equal to d, the differ- 
ence is the parallax in right aſcenſion, and hence, by 
the laſt Article, the horizontal parallax will be known. 


0. one obſervation may be made before the planet 
comes to the meridian, and one after, by which a 
greater difference will be obtained. 


Ex. On Auguſt I 5, 1719, Mars was very near a ſtar 
of the 5th magnitude in the eaſtern ſhoulder of aqua- 
nus, and at gh. 18' in the evening, Mars followed the 


ſtar in 10'. 17”, and on the 16th at 4h. 21' in the 
morning, it followed it in 100. 1”, therefore in that inter- 
val, the apparent right aſcenſion of Mars had increaſed 

16” in time. But according to obſervations made in 


the meridian for ſeveral days alter. it appeared, that 


Mars approached the ſtar only 14” in that Ume, from 

it's proper motion, therefore 2” in time, or 30“ in mo- 

non, is the effect of parallax in the interval of the 

obſervations. Now the declination of Mars was 1 5, 

the co- latitude 41. 19“, and the two hour angles 

49* 15, and 56%. 39“; therefore the hor. par; = 
zo“ x cof 1 5® 


— — . But 


| Gn. 418. 10'x fin. 49%. 15 yp. 15 Tün. 50˙. 39 
at that time, the diſtance of the earth from Mars was 
do it's diſtance from the ſun as 37 to 100, and there- 


fore the ſun's horizontal parallax comes out 10”,1 7. 


143. But beſides the effect of parallax in right aſcen- 
ſion and declination, it is manifeſt that the latitude 
and 
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and longitude of the moon and planets muſt alſo be 
affected by it; and as the determination of this, in re- 
ſpect to the moon, is in many caſes, particularly in 
ſolar eclipſes, of great importance, we ſhall proceed to 
ſhow how to compute it, ſuppoſing that we have given 
the latitude of the place, the time, and conſequently 
the ſun's right aſcenſion, the moon's true latitude and 
longitude, with her horizontal parallax. 

144. Let H R be the meridian, ꝓ E2 the equator, 
P it's pole; + C the ecliptic, P it's pole; ꝓ the firſt 


HE EE R 

point of aries, HR the horizon, Z the zenith, ZL a 
ſecondary to the horizon paſſing through the true place 
r and apparent place 7 of the moon; draw Pf, Pr, 
which produce to s, drawing the ſmall circle 7s parallel 
to ov; then 75 is the parallax in /atitude, and ov the pa- 
rallax in /ongitude. Draw the great circles ꝙ P, PZAB, 
Ppde, and ZW perpendicular to pe; then as ꝙ P=go?, 
and +pp=9o?, ꝙ muſt (Art. 4) be the pole of Ppde, 
and therefore 4p o'; conſequently d is one of the 
ſolſtitial points & or ; alſo, draw Zx perpendicular 
to Pr, and join Z y, py. Now vp E, or the angle 
. IV. F PPE, 


. 
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* E, or Zpꝙ, is the right aſcenſion of the mid heaven, 
which is known; PZ = AB (becauſe AZ is the com- 
pletnent of both) the altitude of the higheſt point A of 
the ecliptic above the horizon, called the nonageſimal 
degree, and ꝙ A, or the angle ꝙ PA is it's longitude. 
Now in the right angled triangle Zp M, we have Zp 


the co-latitude of the place, and the angle Z, the 
difference between the right aſcenſion of the mid-heaven 
ppE and we, to find y; hence, P =D T pP, 


Where the upper ſign is to be taken when the Tight 


aſcenſion of the mid-heaven is leſs than 1807 and the 


under, when greater. Alſo in the triangles, VZ p, 


WAP, fin. Vp: fin. WP :: cot. Vp: cot. WPZ, 
or tan. AP<p; and as we know ꝙ o, or ꝙ Po, the true 
longitude of the moon, we know A Po, or ZPx; alſo, 
col. VPA, or fin. + PZ, : rad. :: tan. WP : tan. ZP. 
Hence, in the triangle ZPr, we know Z, Pr and 
the angle P, from which the angle ZP or tre, and 
Zr may be- found; for in the right angled triangle 
ZPx, we know ZP and the angle P, to find Px; there- 
fore we know rx ; and hence, (as the fines of the ſeg- 
ments of the baſe of any triangle are inverſely as the 


tangents of the angles at the baſs adjacent to. which 


they lie) we may find the angle Zr, with which, and 
rx, we may find Zr the true zenith diſtance ; to which, 


as if it were the apparent zenith diſtance, find the pa- 
rallax (Art. 136) and add it to the true zenith diſtance, 


and you will get very nearly the apparent zenith diſ- 
tance, correſponding to which, find the parallax rt; 
then in the right angled triangle rs/, which may he 
conſidered as plane, we know 77 and the angle r, to find 
rs the. parallax in /atitud?; find allo ts, which multi- 


plied 
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pulüwKwiͤied (Art. 102) by the ſecant of tu, the apparent lati- 
| tude, gives the arc ov, the parallax in longitude. 


.Ex. On January 1, 1771, at 94. apparent time, in 
lat. 53* N. the moon's true longitude was 3s. 18%. 27'. 
35", and latitude 47. 5. 30“ S. and it's horizontal pa- 
rallax 61', 9“; to find it's parallax in _— and 
longitude. 


The ſun's right aſcenſion was 2829. 22“. 2” by the 
Tables, and it's diſtance from the meridian 135*; alſo 
the right aſcenſion ꝙ E of the mid-heaven was 57“. 
22/. 2“; hence, the whole operation for the ſolution 
of the triangles may ſtand thus. s 
& ZpW = 3. 37. 58" = - col. 

425 237. 0. © = - tan. 9.8871144 

F v, 232.23, 57 - - tan, 
| Pp. =23. 28. o 


PW SSS. 51. 57 . 


” =. 283. $7 - = A. C. fin. o. 27098 55 
nn. - ſin. 9.9178865 
ZpW = 32. 37. 58 — - _ Cot. 10. 1935941 


APY = 67. 29. 8 -: - tan, 10.3824661 


Tri. WpZ, WPZ 


oPY =108. 27. 35 


PA = 40. 58. 27 


E 25.7 - <- - fin. 9.965700 


WP = 55. 51. 57 - tan. + ro 20.1688210 
ZP = 57 5 36 2 © tan. 10.2032 6 10 


Tri. WPZ 


F 2 1 
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e e 102032555 
ZPx'= 40. 58. 27 .- col. 9.87705 


Fr = 50. 19. 33ͤ - tan, 10.08 12055 


8 


i 


Tri. Z Pr 


-Pr 2304 5. 30 

rx 2 43-45-57 4. C. fin. o. 160043 
Px = 50. 19. 33 - - fin. 9.8863 144 
ZPx = 40. 58. 7 | - tan. 9.938766 


Zrx = 238: 16 - - tan. 9.985 1563 
Zra = 44. 1.16 - coſ.+ 10 198567795 
rx 3 43. 45. 57 = - tan. 9.9812846 

„„ - cot. 98754949 


s - fin. 9.9029362 | ) 
Hor. par. = 6r', g” = 366g" - log. 3.648477 
rt uncorrefted = 2934” = 48'. 54” - log. 3.464839 


Tri. Zr x Tri.ZPx,Zrx 


App. zen. diſt. Ze = 53%. 68. 4” nearly fin. 9.9075042 
Hor. par. = 61'. 9 = 3669“ - log. 3.5645477 


» | Par. rt cor. = 2965” = 49. 25” , log. 3.4720519 
| by trs = 44%. 1. 16" — coſ. 9.867795 
0 rs par. in lat. = =2132" = 58. 32” - log. 3-3288314 
» '[ rt cor. = 2965" - = - log. 3.4720519 
.S{tr8= 445. 1.116” -. -; '- fin. 9419369 

" = : 
„ © bog. 3-31 39888 


* 


True lat. r = 4. 5. 30”. | 
App. lat. cv =ro=—rs = 4% 41', 2” ſec. 10.0014528 


ov par. in. long. = 2067” = 34. 27” log. 33154416 


The value of 7 is r0—or+ 5, according as the 
moon has N. or S. latitude. 

145. According to the Tables of Mavet, the 
greateſt parallax of the moon, (or when ſhe is in her 
perigee and in oppoſition) is 61“. 32”; the leaſt parallax 
(or when in her apogee and conjunction) is 53'. 52", 
in 


[ 
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in the latitude of Paris ; the arithmetical mean of theſe 
is 57. 42“; but this 1 1s not the parallax at the mean 
diſtance, becauſe the parallax varies inverſely as the 
diſtance, and therefore the parallax at the mean diſtance 
is 57'. 24”, an harmonic mean between the two. M. de 
LAMBRE recalculated ,the parallax from the ſame ob- 
ſervations from which MAYER calculated it, and found 
it did not exactly agree with MAYER's. He made the 
equatorial parallax 57'. 114. M. de la LAN DE makes 
it 57. 5” at the equator, 56'. 53“, 2 at the pole, and 
57. 1” for the mean radius of the earth, ſuppoſing the 
difference of the equatorial and polar diameters to be 


— of the whole. From the formula of Mar ex, the 
equatorial parallax is 57'. 11“ 4. 

146. To find the mean diſtance C's of the moon, we 
have AC, the mean radius (r) of the earth,: Cs, the 


mean diſtance (D) of the moon from 9 earth, :: fin. 
57.1"=AsC (Art. 145) : radius :: 1: 60, 3; conſe- 
quently D= 60, zr; but r= 3964 3 hence, D= 
239029 miles. 
1 F 3 147. Accord- 
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147. According to M. de la Laws, the hotizdatal 2 
ſemidiameter of the moon: it's horizontal parallax for 
the mean radius (7) of the earth 3 15 : 54. 57 „4, or 
very pearl as 3: 11; hence, the ſemidiameter of the 
moon is r= x 3964 =1081 miles; and as the 
magnitudes of ſpherical bodies gre as the cubes of their 
radii, we have the magnitudes of the moon and earth = 
as 30: 11?, or as 1: 49 nearly. 


225 ] 


CHAP. VI. 


ON REFRACTION. 


* 
— 
* 


Art. 148. Wars EN a ray of light paſſes out of a 
| vacuum into any medium, or out of 
any mation into one of greater denſity, it is found to 
deviate from it's rectilinear courſe towards a perpendi- 
cular to the ſurface of the medium into which it enters. 
Hence, light paſſing out of a vacuum into the atmoſ- 
phere will, where it enters, be bent towards a radius 
drawn to the earth's center, the top of the atmoſphere 
being ſuppoſed to be ſpherical and concentric with the 
center of the earth ; and as, in approaching the earth's 
burface, the denfity of the atmoſphere continually in- 
creaſes, the rays of light, as they deſcend, are conſtantly 
entering into a denſer medium, and therefore the courſe 
of the rays will continually deviate from a right line, 
and deſcribe a curve; hence, at the ſurface of the earth, 
the rays of light enter the eye of the ſpectator in a 
different direction from that in which they would 
have entered, if there had been no atmoſphere ; con- 
| ſequently the apparent place of the body from which 
the light comes muſt be different from the true place. 
Alſo the refracted ray muſt move in a plane perpen- 
dicular to the ſurface of the earth; for concelving 
a ray to come in that plane before it is refracted, 
then the refraction being always in that plane, the 
ray muſt continue to move in that plane. Hence, the 
We F 4 | refraction 
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refraction is always in a vertical circle. The ancients 
were not unacquainted with this effect. Prol Ex 
mentions a difference in the riſing and ſetting of 
the ſtars in different ſtates of the atmoſphere ; z be 
makes however no allowance for it in his computa- 
tions from his obſervations; this correction therefore 
muſt be applied, where great accuracy is required. 
ARCHIMEDES obſerved the ſame in water, and thought 
the quantity of refraction was in proportion to the 
angle of incidence. ALHAZEN, an Arabian Optician, 
in the ſixteenth century, by obſerving the diſtance of a 
circumpolar ſtar from the pole, both above and below, 
found them to be different, and ſuch as ought to ariſe 
from refration. SNELL1vs, who firſt obſerved the 
relation between the angles of incidence and refraction, 
ſays, that WALTHERVUs in his computation allowed 
for refraction; but Tycho was the firſt perſon who 
conſtructed a Table for that purpoſe, which however 
was very incorrect, as he ſuppoſed the refraction at 45 
to be nothing. About the year 1660, CAss IN pub- 
liſned a new Table of refractions, much more correct 
than that of TycRHO; and fince his time, Aſtronomers 
have employed much attention in conſtructing more 
eorrect Tables, the niceties of modern r re- 
quiring their utmoſt accuracy. 

To find the quantity of refratior 

149. Firft method. Take the altitude of the ſun, or 
a ſtar whoſe right aſcenſion and declination are known, 
and note the time by the clock; obferve alſo the times 
of their tranſits over the meridian ;- then find (Art. 92) 
the hour angle; hence, in the triangle PZ x, we know 
PZ and Px the complements of latitude and declina- 
tion, 
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tion, and the angle æ P, to find the fide Z x, the com- 
plement of which is the true altitude, the difference be- 


N 
tween which and the obſerved altitude, is the refraction 
at that altitude. 


Ex. On May 1, 1738, at 54. 20 in the morning, 
Cass1ni1 obſerved the altitude of the ſun's center at 
Paris to be 5*. o'. 14”, and the ſun paſſed the meridian _ 
at 12h, of, o“, to find the refraction, the latitude being 
48*. Fo“. 10“, and the declination was 15*. of. 25". 
The ſun's diſtance from the meridian was 64h. 40,, 
which gives 100 for the hour angle x PZ; alſo PZ = 
41* 9. 50“, and Px =. 59. 35"; hence, Zu. 

852. 10', 8”, conſequently the true altitude was 4*. 49. 

52“. Now to z'. o', 14”, the apparent altitude, add 
9“ for the parallax, And we have g. o' 23“ for the ap- 
parent altitude corrected for parallax; hence, 5*. o'. 23” 
— 4*. 49. 52" =10'. 317 the refraction at the apparent 
altitude 5*. o'. 14”. 


* 150. Second method. Take the greateſt and leaſt 
altitudes of a circumpolar ſtar which paſſes through, or 
very near, the zenith, when it paſſes the meridian _ 

Ko above 
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_ above the pole; en the refraction being nothing in 


the zenith, we ſhall have the true diſtance of the ſtar 
from the pole at that obſervation, the altitude of the 
pole above the horizon, being previouſly determined; 
but when the ſtar paſſes the meridian under the pole, 
we ſhall have it's diſtance affected by refraction, and 
the difference of the two obſerved diſtances, above and 
below the pole, gives the refraction at the apparent alti- 
| tude below the pole. | 


Ex. M. de la CaiLLE at Paris, obſerved a ſtar to 
paſs the meridian within 6' of the zenith, and conſe- 
quently at the diſtance of 41%. 4' from the pole; hence, 
it muſt paſs the meridian under the pole at the ſame 
diſtance, or at the altitude )“. 46'; but the. obſerved 
altitude at that time was 7*. 52. 25”; hence, the re- 
fraction was 6'. 2.5” at that apparent altitude. 


151. Let CAn be the angle of incidence, CAm the 
angle of reimt dien. and conſequently mAn the quan- 
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tity of refraction ; let CT be the tangent of Cm; mv 
it's fine, um the ſine of Cn, and draw rm: parallel to 
v; then as the refraction of air is very ſmall, we may 
_ conſider mr? as a rectilinear triangle, and hence, by 

ſimilar 
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fimilar triangles, Av: Am:: ru: : mc ; but 
An is conſtant, and as the ratio of mv to udo is conſtant 


by the laws of refraction, their difference rn muſt vary 


Am x m 
as MV; 1 mn varies as ==; bu tCT= — 
| Au Av 


which varies as = — becauſe Am is conſtant ; hence, the 

refraction n varies as CI, the tangent of the apparent 
zenith diſtance of the ſtar, becauſe the angle of refrac- 
tion CAn is the angle between the refracted ray and 
the perpendicular to the ſurface of the medium, which 
perpendicular is directed. to the zenith. Whilſt there- 
fore the refraction is very ſmall, fo that mn may be 
conſidered as a rectilinear triangle, this Rule will be 
ſufficiently accurate *. 

152. The twilight in the morning and evening, ariſes 
both from the refraction and reflection of the ſun's rays 
by the atmoſphere. 

It is probable that the reflection ariſes principally from 
the exhalations of various kinds with which the lower 
parts of the atmoſphere are charged ; for the twilight 
laſts till the ſun is further below the horizon in the 
evening, than it is in the morning when it begins; and 
it is longer in ſummer than in winter. Now 1n the 
former cale, the heat of the day has raiſed the vapours 
and exhalations ; and in the latter, they will be more 
elevated from the heat of the ſeaſon ; therefore, upon 
ſuppoſition that the reflection is made by them, the 
twilight ought to be longer in the evening than in the 
morning, and longer in ſummer than in winter, 

| 153. Another 


bl For farther information on * ſubject, ſee my Complete Men 
of Aft ronomy. 
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153. Another effect of refraction is, that of giving 
the ſun and moon an oval appearance, by the refrac- 
tion of the lower limb being greater than that of the 
upper, whereby the vertical diameter is diminiſhed. 
For ſuppoſe the diameter of the fun to be 32', and the 
lower limb to touch the horizon, then the mean re- 
fraction at that limb is 33', but the altitude of the 
upper limb being then 327, it's refraction is only 
28˙. 6”, the difference of which is 4. 54”, the quantity 
by which the vertical diameter appears ſhorter than 
that parallel to the horizon. When the body is not 
very near the horizon, the refraction diminiſhing nearly 
uniformly, the figure of the body is very _ that of 
an ellipſe. + 


— 
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c H AP. VII. 


ON THE SYSTEM OF. THE WORLD. 

Art. 154. HEN. any effect or phænomenon is 

V diſcovered by experiment or obferva- 
tion, it is the buſineſs of Philoſophy to inveſtigate it's 
cauſe. But there are very few, if any, enquiries of this 
kind, where we can be led from the effect to the cauſe 
by a train of mathematical reaſoning, ſo as to pro- 
nounce with certainty upon the cauſe. Sir I. NEwToN 
therefore, in his Prx1NciPra, before he treats on the 
Syſtem of the World, has laid down the following 
Rules to direct us in our reſearches into the conſtitu- 


tion of the univerſe. 


RuLz I. No more cauſes are to be admitted, than 
what are ſufficient to explain the phenomenon. 

RuLE II. Of effects of the ſame kind, the ſame 
cauſes are to be afligned, as far as it can be done. 

RLE III. Thoſe qualities which are found in all 
bodies upon which experiments can be made, and 
which can neither be increaſed nor diminiſhed, may be 
looked upon as belonging to all bodies. 

RLE IV. In Experimental Philoſophy, propoſi- 
tions collected from phenomena by induction, are to 
be admitted as accurately or nearly true, until ſome 


reaſon appears to the contrary. 


The principles, upon which the application of theſe 


Rules is admitted, are, the ſuppoſition that the opera- 
tions 
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tions of nature are performed in the moſt ſimple man- 
ner, and regulated by general laws. And although 
their application may, in many caſes, be very unſatiſ- 
factory, yet in the inſtances to which we ſhall here 
want to apply them, their force is little inferior to that 
of direct demonſtration, and the mind reſts equally 
ſatisfied as if the matter were ſ{triftly proved. 

-- 155. The diurnal motion of all the heavenly bodies 
may be accounted for, either by ſuppoſing. the earth 
to be at reſt, and all the bodies daily to perform their 
revolutions in circles parallel to each other; or by ſup- 
poſing the earth to revolve about one of it's diameters 
as an axis, and the bodies themſelves to be fixed, in 
which caſe their apparent drurnal motions would be 
the ſame. If we ſuppoſe the earth to be at reſt, all the 
fixed ſtars muſt make a complete revolution, in parallel 
circles, every day. But the neareſt of the fixed ſtars 
cannot be leſs than 400000 times further from us than 
the ſun is, and the ſun's diſtance from the earth is 
not leſs than 93 millions of miles. Alſo from the diſ- 
coveries which are every day making by the improve- 
ment of teleſcopes, it appears that the heavens are 
filled with almoſt an infinity of ſtars, to which the 
number viſible to the naked eye bears no propor- 
tion; and whoſe diſtances are, probably, incomparably 
greater than what we have ſtated above. But that an 
almoſt infinite number of bodies; moſt of them invi- 
fible, except by the beſt teleſcopes, at almoſt infinite 
diſtances from us and from each other, ſhould have 
their motions ſo exactly adjuſted, as to revolye in the 
fame time, and in parallel circles, and all this without 
their having any central body, which is a phyſical im- 
poſſibility, 
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poſſibility, is an hypotheſis, which, by the Rules we 
have here laid down, 1s not to be admitted, when we 
conſider, that all the phznomena may be folved fimply, 
by the rotation of the earth about one of it's diameters. 
If therefore we had no other reaſon, we might reſt 
ſatisfied that the apparent diurnal motions of the hea- 
venly bodies are produced by the earth's rotation. But 
we have other reaſons for this ſuppoſition. Experi- 
ments prove that all the parts of the earth have a gravi- 
tation towards each other. Such a body therefore, the 
greateſt part of whoſe ſurface is a fluid, if it remain 
at reſt, muſt, from the equal gravitation of it's parts, 
form itſelf into a perfect ſphere. But if we ſuppoſe 
the earth to revolve, the parts moſt diſtant from the 
axis muſt, from their greater velocity, have a greater 
tendency to fly off, and therefore that diameter which 
is perpendicular to the axis muſt be increaſed. That 
this muſt be the conſequence appears from taking an 
iron hoop, and making it revolve ſwiftly about one 
of it's diameters, and that diameter will be diminiſhed, 
and the diameter perpendicular to it will be increaſed. 
Now it appears from menſuration, that the earth is 
not a perfect ſphere, but a ſpheroid, having the equa- 
torial longer than it's polar diameter. That diameter 
therefore about which the earth muſt revolve in order 
to ſolve all the phenomena of the apparent revolution 
of the heavenly bodies, being the ·ſhorteſt; and as it 
neceſſarily muſt be the ſhorteſt, if the earth be ſup- 
poſed to revolve ; this agreement affords a very ſatiſ- 
factory proof of the earth's rotation. Another reaſon 
for the earth's rotation is from analogy. The planets 


are opaque and ſpherical bodies like to our earth; now 
| all 


„ 


96 ox THE SYSTEM OF THE WORLD. 


all the planets, on which ſufficient obſervations have 
been made to determine the matter, are found to re- 


volve about an axis, and the equatorial diameters of 
ſome of them are viſibly greater than their polar. 
When theſe reaſons, all upon different principles, are 
conſidered, they amount to a proof of the earth's 


rotation about it's axis, which is as ſatisfactory to the 


mind, as the moſt direct demonſtration could be. 
Theſe however are not all the arguments which 
might be offered; the ſituations and motions of the 
bodies in our fy lem neceflarily require this motion of 


the earth. f 
156. Beſides this apparent diurnal motion, the fun, 


moon and planets have another motion; for they are 


obſerved to make a complete revolution amongſt the 


fixed ſtars, in different periods; and whilft they are 


performing theſe motions in reſpect to the fixed ſtars, 
they do not always appear to move in the ſame direc- 
tion, or in that direction in which their complete re- 
volutions are made, but ſometimes appear ſtationary, 


and ſometimes to move in a contrary direction. We 
will here briefly deſcribe and conſider the different 
ſyſtems which have been invented, in order to ſolve 


theſe appearances. Prol Rx ſuppoſed the earth to be 


perfectly at reſt, and all the other bodies, that is, the 


ſun, moon, planets, comets and fixed ſtars, to revolve 
about it every day; but that, beſides this diurnal mo- 
tion, the ſun, moon, planets and comets had a motion 
in reſpect to the fixed ſtars, and were ſituated, in re- 
ſpect to the earth, in the following order; the Moon, 


| Mercury, Venus, the Sun, Mars, Jupiter, Saturn. 


Theſe revolutions he firſt ſuppoſed to be made in circles 
about 
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about the earth placed a little out of the center, in 


order to account for ſome irregularities of their mo- 
tions ; but as their retrograde motions and ftationary 
appearances could not thus be ſolved, he ſuppoſed them 
to revolve in epicycloids, in the following manner. 
Let ABC be a circle, & the center, E the earth, ab:rd 
another circle whoſe center v is in the circumference of 
the-circle ABC. Conceive the circumference of the 


circle ABC to be carried round the earth, every 24 hours, 
according to the order of the letters, and at the fame 
time let the center v of the circle abcd have a flow 
motion in the oppoſite direction, and let a body revolve 
in this circle in the direction abc4d; then it is manifeſt, . 
that by the motion of the body in this circle and the 
motion of the circle itſelf, the body may deſcribe ſuch 
a curve as is repreſented by k/mnop; and if we draw 
the tangents EI, Em, the body would appear ſtationary 
at the points / and m, and it's motion would be rezro- 
grade through Im, and then direct again. Now to make 

. G Venus 


. 2 
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Venus and Mercury always accompany the Sun, the 
center v of the circle abcd was ſuppoſed to be always 
very nearly in a right line between the earth and ſun, 
but more nearly ſo for Venus than for Mercury, in . 
order to give each it's proper elongation. This ſyſtem, 
although it will account for all the apparent motions 
of the bodies, yet it will not ſolve the phaſes of Venus 
and Mercury; for in this caſe, in both conjunctions 
with the ſun they ought to appear dark bodies, and to 
loſe their light both ways from their greateſt elonga- 
tions; whereas it appears from obſervation, that in 
one of their conjunctions they ſhine with full faces. 
This ſyſtem therefore cannot be true. 

157. The ſyſtem received by the Egyptians was this: 
That the Earth is immoveable in the center, about 
which revolve, in order, the Moon, Sun, Mars, Ju- 
piter and Saturn; and about the Sun revolve Mercury 
and Venus. This diſpoſition will account for the 
phaſes of Mercury and Venus, but not for the omen 
motions of Mars, Jupiter, and Saturn. 

158. The next ſyſtem which we ſhall mention, 
though poſterior in time to the true, or Copernican 
Syſtem, as it is uſually called, is that of TY HO Brane, 
a Poliſh Nobleman. He was pleaſed with the Coper- 
nican Syſtem, as ſolving all the appearances in the 
moſt ſimple manner ; but conceiving, from taking the 
| literal meaning of ſome paſſages in Scripture, that it 
was neceſſary to ſuppoſe the earth to be abſolutely at 
reſt, he altered the ſyſtem, but kept as near to it as 
poſſible. And he further objected to the earth's motion, 

becauſe it did not, as he conceived, affect the motions 
of comets obſerved in oppoſition, as it ought ; whereas, 
| | ic 
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if he had made obſervations on ſome of them, he 
would have found that their motions could not other- 
wiſe have been accounted for. In his Syſtem, the earth 
is ſuppoſed to be immoveable in the center of the 
orbits of the fun and moon, without any rotation about 
an axis; but he made the ſun the center of the orbits 
of the other planets, which therefore revolved with the 
ſun about the earth. By this ſyſtem, the different 
* motions and phaſes of the planets may be folved, 
the latter of which could not be by the Ptolemaic 
Syſtem; and he was not obliged to retain the epicy- 
cloids, in order to account for their retrograde motions 
and ſtationary appearances. One obvious objection to 
this ſyſtem is, the want of that ſimplicity by which all 
the apparent motions may be ſolved, and the neceſſity 
that all the heavenly bodies ſhould revolve about the 

_ earth every day; alſo, it is phyſically impoſſible that 
a large body, as the ſun, ſhould revolve in a circle 
about a ſmall body, as the earth, at reſt in it's center; 
if one body be much larger than another, the center 
about which they revolve muſt be very near the large 
body; an argument which holds alſo againſt the Ptole- 
maic Syſtem. It appears alſo from obſervation, that 
the plane in which the ſun muſt, upon this ſuppoſi- 
tion, diurnally move, paſſes through the earth only 
twice in a year. It cannot therefore be any force in 
the earth which can retain the fun in it's orbit, for it 
would move in a ſpiral continually changing it's plane. 
In ſhort, the complex manner in which all the motions 
are accounted for, and the phyſical impoſſibility of 
ſuch motions being performed, 1s a ſufficient reaſon for 
rejecting this ſyſtem ; eſpecially when we conſider, in 
how fumple a manner all theſe motions may be ac- 
| G 2 counted 
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counted for, and demonſtrated from the common prin- 
ciples of motion. Some of Trcao's followers, ſeeing 
the abſurdity of ſuppoſing all the heavenly bodies daily 
to reyolye about the earth, allowed a rotatory motion 
to the earth, in order to account for their diurnal mo- 
tion; and this was called the Semi- Tychonic Sy/em ; but. 
the objections to this fen are, in other reſpects, 
the ſam. 
” * 159, The ſyſtem which is now univerſally received 
is called the Copernican. It was formerly taught by 
| Bt who lived about 500 years before J. C. 
and PyHILoLAvs, his diſciple, maintained the ſame; 
but it was afterwards rejected, till revived by Corzs- 
Nicus. Here the Sun is placed in the center of the 
Syſtem, about which the other bodies revolve in the 
following order ; Mercury, Venus, the Earth, Mars, 
Jupiter, Saturn, and the Georgian Planet, which was 
lately diſcovered by Dr. HerscneL ; beyond which, 
at immenſe diſtances, are placed the fixed ſtars ; the 
moon revolves about the earth, and the earth revolves 
about an axis. This diſpoſition of the planets ſolves all 
the phznomena, and in the moſt ſimple manner. For 
from inferior to ſuperior conjunction, Venus and Mer- 
cury appear, firſt horned, then dichotomiſed, and next 
gibbous ; and the contrary, from ſuperior to inferior 
conjunction; they are always retrograde in the inferior, 
and direct in their ſuperior conjunction. Mars and 
Jupiter appear gibbous about their quadratures ; but 
in Saturn and the Georgian this is not ſenſible, on 
account of their great diſtances. The motions of the 
ſuperior planets are obſerved to be direct in their con- 
junction, and retrograde in their oppoſition. All theſe 
circumſtances are ſuch as ought to take place in the 
Coper- 
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Copernican Syſtem. The motions alſo of the pl 

are ſuch as ought to take place upon phyſical prin- 
ciples. We may alſo further obſerve, that the ſuppo- 
ſition of the earth's motion is neceſſary, in order to 
account for a ſmall appatent motion which every fixed 
ſtar is found to have, and which cannot otherwiſe be 
accounted for. The harmony of the whole is as ſatiſ- 
factory a proof of the truth of this Syſtem, as the 
moſt direct demonſtration could be; we ſhall therefore 
aſſume this Syſtem. 


G 3 CH AP. 


[ 02 1 


ox KEPLER's dagen. 


Art. 160. EPLER was the firſt who diſcovered 
; | the figures of the orbits of the planets 
to be ellipſes, having the ſun i in one of the foci; this 
he determined in the following manner. 

161. Let & be the ſun, M Mars, D, E, two places 
of the earth when Mars is in the ſame point Mof it's 


N 


+ 9 

orbit. When the earth was at D, he obſerved the 
difference between the longitudes of the ſun and Mars, 
or the angle MDS; in like manner, he obſerved the 
angle MES. Now the places D, E of the earth in it's 
orbit being known, the diſtances DS, ES and the 
angle DSE will be known; hence, in the triangle 
DSE, we know DS, SE, and the angle DSE, to find 
DE, and the angles S DE, SED ; hence, we know the 
angles MDE, ME D; therefore in the triangle MDE, 
we know DE, and the angles MDE, MED, to find 
MD; and laſtly, in the triangle MDS, we know MD, 
Ds, and the angle MDS, to find MS, the diſtance of 
: £ ä Mars 
y 
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Mars from the ſun. He alſo found the angle MSD, 
the difference of the heliocentric longitudes of Mars 
and the earth. By this method, KEILER, from ob- 
ſervations made on Mars when in aphelion and peri- 
helion (for he had determined the poſition of the line 
of the apſides, by a method which we ſhall afterwards 
explain, independent of the form of the orbit), deter- 
mined the former diſtance from the ſun to be 166780, 
and the latter 138500, the mean diſtance of the earth 
from the ſun being 100000 ; hence, the mean diſtance 


of Mars was 152640, and the excentricity of it's orbit 


14140. He then determined, in like manner, three 
other diſtances, and found them to be 1477 50, 163100, 


166255. He next calculated the ſame three diſtances, 


upon ſuppoſition that the orbit was a circle, and found 
them to be 148539, 163883, 166605; the errors there- 

fore of the circular hypotheſis were 789, 783, 350. 
But be had too good an opinion of Trcno's obſerva- 
tions (upon which he founded all theſe calculations) 
to ſuppoſe that theſe differences might ariſe from 
their inaccuracy ; and as the diſtance between the 
aphelion and perihelion was too great, upon ſuppoſi- 
tion that the orbit was a circle, he knew that the form 
of the orbit muſt be an oval; 1taque plane hoc eft : 
Orbita planete non eft circulus, ſed ingrediens ad latera 
utraque paulatim, iterumque ad circuli amplitudinem in 
perigæo exiens, cujuſmodi figuram itineris ovalem appellitant, 
pag. 213*, And as of all ovals the ellipſe appeared to 
be the moſt ſimple, he firſt ſuppoſed the orbit to be 
an ellipſe, and placed the ſun in one of the foci ; and 
upon .calculating the above obſerved diſtances, he 
found they agreed together. He did the ſame for other 


points 


* See his Work, De Motibus Stella Martis. 
' of; -G 4 |; 
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points of the ofbit, and found that they all agreed ; 
and thus he pronounced the orbit of Mars to be an 
| ellipſe, having the ſun in one of it's foci, Having de- 
termined this for the orbit of Mars, he conjectured the 
fame to be true for all the other planets, and upon trial 
he found it to be ſo. Hence, he concluded, That the 
Arx primary Planets revolve about the Sun in ellipſes, having 
the Sun in one of the foci. 
The relative mean diſtances of the planets from the 
fun are as follows; Mercury, 38710; Venus, 723333 
Earth, 100000; Mars, 152369; Jupiter, 520279 3 
Saturn, 954072 ; Georgian, 1918352. 
162. Having thus diſcovered the relative mean diſ- 
tances of the planets from the fun, and knowing their 
periodic times, he next endeavoured- to find if there 
was any relation between them, having had a ſtrong 
paſſion for finding analogies in nature. On March 8, 
1618, he began to compare the powers of theſe quan- 
tities, and at that time he took the ſquares of the 
periodic times, and compared them with the cubes of 
the mean diſtances, but, from ſome error in the calcu- 
Jation, they did not agree. But on May 15, having 
made the laſt computations again, he diſcovered his 
error, and found an exact agreement between them. 
Thus he diſcqvered the famous law, That the ſquares of 
the periodic times fall the planets, are as the cubes of their 
mean diſtances from the fun. Sir I. NEwrToN afterwards 
proved that this is a neceſſary conſequence of the mo- 
tion of a body in an ellipſe revolving about the focus. 
Prin. Phil. Lib. I. Sec. 2. Pr. 15. 

163. KePLExR alſo diſcovered "I obſervation, that 
the velocities of the planets, when in their apſides, are 


inverſely as their diſtances from the ſun ; whence it 
followed, 
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followed, that they deſcribe, in theſe points, equal 
areas about the ſun in equal times. And although he 
could not prove, from obſervation, that the ſame was 
true in every point of the orbit, yet he had no doubt 
but that it was ſo. He therefore applied this principle 
to find the equation of the orbit (as will be explained 
in the next Chapter), and finding that his calculations 
agreed with obſervations, he concluded that it was true 
in general, That the planets deſcribe about the ſun, equal 
areas iu equal times, This diſcovery was, perhaps, the 
foundation of the Px1Nc1P1A, as it probably might 
ſuggeſt to Sir I. Nxwrox the idea, that the propoſi- 
tion was true in general, which he afterwards proved 
it to be. Theſe important diſcoveries are the founda- 
tion of all Aſtronomy. 

164. KE PL EI alſo ſpeaks of Gravity as a power which 
is mutual between all bodies; and tells us, that the earth 
and moon would move towards each other, and meet 
at a point as much nearer to the earth than the moon, 
as the earth is greater than the moon, if their motions 
did not hinder it. He further adds, that the tides ariſe 
from the gravity of the waters towards the moon. 
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CHAP. ; 


ON THE MOTION OF A BODY IN AN- ELLIPSE ABOUT 
THE FOCUS. 


Art. 165. A 525 oebits which are deſcribed by the 

primary planets revolving about the ſun 
are ellipſes having the ſun in one of the foci, and each 
deſcribes about the ſun equal areas in equal times, we 
next proceed to deduce, from theſe principles, ſuch 
conſequences as will be found neceſſary in our enquiries 
reſpecting their motions. From the equal deſcription 
of areas about the ſun in equal times, it appears * that 


the 


For if AP9 be an ellipſe deſcribed by a planet about the ſun at 
& in the focus, the indefinitely ſmall area PSp deſcribed in a given 


time will be conſtant; draw Pr perpendicular' to $p; * as the 


area S Pp is conſtant for the ſame time, Pr varies as — TY ; but the 


angle SP varies as 57 and therefore it varies as TH that is, in 


the /ame orbit, the angular velocity of a planet varies inverſely as 
the ſquare of it's diſtance from the ſan. For different planets; the 
areas deſcribed in the ſame time are not equal, and therefore Pr 


as =, conſequently the angle pSP varies as =; ; 


that 1s, the angular velocities of different planets, are as the areas de- 
ſcribed in the ſame time directly, and the ſquares of their diſtances 
from the ſun inverſely, 
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the planers move with unequal angular velocities about 
the ſun. The propoſition therefore, which we here 
propoſe to ſolve, is, given the periodic time of a planet, 
the time of it's motion from it's aphelion, and the ex- 
centricity of it's orbit, to find it's angular diſtance from 
the aphelion, or it's true anomaly, and it's diſtance 
from the ſun. This was firſt propoſed by KEPLER, 
and therefore goes by the name of KRPLER's Pro- 
LEM. He knew no direct method of ſolving it, and 
therefore did it by very long and tedious tentative 
operations. 


166, Let AG2 be the ellipſe deſcribed by the 
body about the ſun at & in one of it's foci, 42 the 
major C the ſemi- minor axis, A the aphelion, 2 the 
perihelion, P the place of the body, 4/ 2E a circle, C 
it's center; draw VPI perpendicular to 42, join PS, NS 
and NC, on which produced let fall the perpendicular 
ST. Let a body move uniformly in the circle from A 
to D with the mean angular velocity of the body in the 
ellipſe, whilſt the body moves in the ellipſe from A to 
P; then the angle ACD is the mean, and the angle 
ASP the true anomaly ; and the difference of theſe two 
angles is called the Equation of the planet's center, or 
Profthapherefis. Let p=the periodic time in the ellipſe 
or circle (the periodic times being equal by ſuppoſi- 
tion), and 7: the time of deſcribing AP or AD; then, 
as the bodies in the ellipſe and circle deſcribe equal 
areas in equal times about Sand C reſpectively, we have 


area ADC : area of the circle :: 7 : p- 
area of the ellipſe: area ASP :: p: , alſo, 
area of circ.: area of ellip. :: area ASN : area ASP. 


therefore, area ADC : area ASP :: area ASN : area ASP; 
| hence, 
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hence, ADC=ASN; take away the area ACN, which 
is common to both, and the area DCN = SNG; but 


DEN = DN x CN, and SNC=F ST x CN; there- 
fore S T= DN. Now if ? be given, the arc AD will be 
given; for as the body in the circle moves uniformly, 
we have p: 7 :: 360* : AD. Thus we always find the 
mean anomaly at any given time, knowing the time 
when the body was in the aphelion ; hence, if we can 
find ST, or ND, we ſhall know the angle NCA, called 
the excentric anomaly, from whence, by one proportion 
(Art. 167), we ſhall be able to find the angle ASP the 
true anomaly. The Problem is therefore reduced to 
this ; to find a triangle CST, ſuch, that the angle C+ 
the degrees of an arc equal to ST may be equal to the 
given angle ACD. This may be expeditiouſly done 
by trial in the following manner, given by NI. de la 
CAILLE in his Aſtronomy. Find what arc of the 
circumference of the circle 4D E is equal to CA, by 
ſaying, 355 : 113 :: 180", : 5%. 17. 44”,8 the number 
af * of an arc equal in length to the radius CA; 
hence, 
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hence, CA: CS:: 57. 17. 448: the degrees of an 
arc equal to CS. Aſſume therefore the angle SCT. 
multiply it's fine into the degrees in CS, and add it to the 

angle SCT, and if it be equal to the given angle 40D, 
the ſuppoſition was right; if not, add or ſubtract the 
difference to or from the firſt ſuppoſition, according as 
the reſult is leſs or greater than 40 D, and repeat the 
operation, and in a very few trials you will get the 
accurate value of the angle SCT. The degrees in ST 
may be moſt readily obtained by adding the logarithm 
of CS to the logarithm of the fine of the angle SCT, 
and ſubtracting 10 from the index, and the remainder 
will be the logarithm of the degrees of ST. Having 
found the value of AN, or the angle ACN, we pro- 
ceed next to find the angle ASP. 

167, Let v be the other focus, and put AC=1; then 
by Eucl. B. II. P. 12. SP. PG U S*+2098 x vl 


vS + 20Ix A SS 2C UT 2b 28C = 2CIxXx 2S5C; 
hence, SP PV: 201 :: 280: SP— Po, or 2: 201:: 
28C: SP-2 -S, or 1: CI:: SC: SP 1, hence, 
S$P=1+CSxCI=1+CS x col. L ACN. * By plain 
1— coſ. ASP = 
trigon. 122 1 = an. 1 ASP But SP, Or FF 
C x coſ. ACN: rad. =1 :: S, or CST CI, or 
Ce ＋coſ. ACN 

hom ACN, : col. ASP = CS col. CN: 
1 — col. 75>) 3 


1 + col. ASP 
> hs CS x col. ACN —- CS — col. ACN 


1 + CS x col. FCN + ES + col. ACN. 
| "2 mr CH: 


Hence, tan. 1 ASP ( = 


* See Mavpvuirt's Trig. or CRaxELT's Tranſlation, Ch. I. Th. 6. 


= =y 
— * 22 - — p. 
—ͤ—é—ä— —— 2 — — . —— — . 2 gy 4 
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_1-CS+col. ACN x CS—1 S- col. ACN XS2 
Wo pang en ACN XX CS$+1 "$4 +col. ACN X SA 


— col. ACN $2 
bor” 1 HON © SA 


tan. 1 ACN x; therefore AA: :: tan. ; 


ACN : tan. 4 ASP, conſequently we get ASP the true 
anomaly. | 


= (by the above theorem i in trig. 


Ex. Required ths true place of Mercury on Aug. 26, 
1740, at noon, the equation of the center, and it's 
diſtance from the ſun. 

By M. de la CAILLE's 6 Mercury v was in 
it's aphelion on Auguſt 9, at 64. 37. Hence, on 


Auguſt 26, it had paſſed it's aphelion 16d. 17h. 237; 
therefore 87d. 234. 15. 32” (the time of one revolu- 
tion): 16d. 17. 23 :: 360® : 685. 26.287“ the arc AD, 


or mean anomaly. Now (according to this Author) 
CA: CS:: 1011276 : 211165 (Art. 166) :: 57*. 17. 
44,8: 11*. 57. 50“ = 43070”, the value of CS reduced 
to the arc of a circle, the log. of which is 4,6341749. 
Allo 68*. 26'. 28” = 246388”. Aſſume the angle SCT 


tio be 60? 2160, and the operation (Art. 166) to 
Kind the angle ACN will ſtand thus. 


4,5341749 
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4.6341 749 


9,9375306 log. of . 216000 


45717955 


4,6341749 
95928798) 


45629736. 


4.634749 
97929769 q 


45639443 


46341749 


9,9296626. 


45038375 - 


37300 


253300 
246388 


6912885 


209088 =a—b=58, 4. 48” =c 


30557 


245645 
246388 


743 


209831 =c+d=58. 1. 11“ e 


20974 =e=f=5Þ", 15. 497 


36630 


246379 
246388 


9 =; hence, as the differ- 


ence between the value deduced from the aſſumption 
and the true value, is now diminiſhed about 9 times 


every 
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every operation, the next difference would be 1”; if 


therefore we add + to g, and then ſubtract 1“, we get 


58. 15. 57 for the true value of the angle ACN, the 
excentric anomaly. Hence, (Art. 167) find the true 


anomaly ASP, from the proportion there given, by 


logarithms thus. 
Log. tang. 29%. J. 58. . 9,7461246 
ul * e | - 2 — . . 2,9515751 
| 12,6976997 
i Log. SA = 1222441 3,0436141 
Log. tang. 24*. 16'. 17) 9,6 5408 56 


Hence, the true anomoly is 48*. 32. 30”. Now the 
aphelion A was in 8*. 13*. 54. 30“; therefore the true 
place of Mercury was 10d. 25. 2. Hence, 68. 26'. 28” 
— 48*. 32. 30“ = 19. 53'. 58“ the equation of rhe center. 


bY Alſo, $SP=1+CS x cof. £ ACN = 1,10983 the diſ- 
tance of Mercury from the fun, the radius of the circle, 


or the mean diſtance of the planet, being unity. Thus 
we are able to compute, at any time, the place of a 
planet in it's orbit, and it's diſtapce from the ſun ; and 
this method of computing the excentric anomaly ap- 
pears to be the moſt ſimple and eaſy of applicatiou of 


all others, and capable of any degree of accuracy. 


168. As the bodies at D and P departed from A at 
the ſame time, and will coincide again at 2, 4 0D 2, 
4d being performed in half the time of a revolution; 
and as at A the planet moves with it's leaſt angular 
velocity (by the Note to Art. 165), therefore from 4 

to 
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to 2, or in the firſt 6 ſigns of anomaly, the angle ACD 
will be greater than ASP, or the mean will be greater 
than the true anomaly ; but from 2 to 4, or in the 

Jad 6 ſigns, as the planet at 2 moves with it's greateſt 
angular velocity, the rue will be greater than the mean 
anomaly. 

169. The 1 aſcribed by ſome Writers to 
Szru Wan p, Profeſſor of Aſtronomy at Oxford, and 
publiſhed i in 16 54, although, as M. de la LAN DE ob- 

ſerves, it is given both by WAR D and MERCATOR to 
BULLIALDUS, is leſs accurate than theſe we have already 
given; yet as it may, in many caſes, ſerve as a uſeful 
approximation, it deſerves to be mentioned. He aſ- 
ſumed the angular velocity about the other focus v to 
be uniform *, and therefore made it repreſent the mean 


anomaly. Produce v to r, and take Pr PS; then 
in the triangle Sur, v+vS; rv—vsS :: tan. Z 
| LuSr ; 
EY N © 4 — 
That this is not true may be thus ſhown. With the center $ Roger 
and radius S = 4/ ACxCE deſcribe the circle 2 N. then the , Ai. 177 
area of this cirele = area of the ellipſe; let a body, moving uni- 
formly in it, make one revolution in the ſame time the body does in 
the ellipſe ; and let the bodies ſet off at the ſame time from A and x, 
and deſeribe AP, x, in the ſame time; then the angle z 8+ is the 
Vor. IV. H mean, 


114 ON, THE MOTION OF A BODY IN 


£vSr vr: tan 4. LvSr—vrsS; now i.rv +vS 
=3 A2'+ 3 vS=AS, and 3. TU A2 -s 
=$2, alſo tan. Z. LvSr Tur SS tan. F £ AvP, and 
1. ZvSr—vrsS = (as Pr = PS) 3. LuSr- PFr = 
ASP; hence, the aphelion diſtance : perihelion diſtance 
:: tan. of the mean anomaly : tan. 4 true anomaly. This 
is called the fimple elliptic hypotheſis, and was uſed by 
| K Dr. 


mean, and ASP the true anomaly. Draw 58 indefinitely near to 
PS, and Pr, po perpendicular to Sp, FP; then Pr = po. Now 


the angle PFp varies as = Pp but in a given time, the . 


PSp is given, therefore Pr varies as 5 555 hence, the angle PFp, de- 


1 varies as BFA - which is not a conflant 


I I 


quantity. Alſo, C PFp : £ PSp :: PS: PF: FF PS 


And by the Note to Art. (16 f) as equal areas are deſcribed in equal 
times in the circle and ellipſe about &, the angular velocity about & 


In the circle becomes Fes Hence, the angular velocity about F 


is greater or leſs than the mean angular velocity, according as PF 
XPS is leſs or greater than 8 , or than ACN CE. Alſo, the 
angular velocity about F is the ſame in fimilar points of the ellipſe in 


reſpect to the center, or at equal diſtances from the center. 
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Dr. HALLEV in conſtructing his Tabula pro eupediendo 
calculo æguationis centri Lung. In the orbit of the earth, 
the error is never greater than 17”; in the orbit of the 
moon, it may be 1'. 35”. By this-hypotheſis, for 90⁵ 
from aphelion and perihelion, the computed place is 
backwarder than the true; and for the other part it is 
forwarder. 

170. The greateſt equation of the center may be 
eaſily found from the Note (Art. 169), giving the di- 
menſions of the orbit. For (ſee the Figure in the 
oppoſite page) as long as the angular velocity of the 
body in the circle is greater than that in the ellipſe 
about 5, the equation will increaſe, the bodies ſet- 
ting out from 4 and z; and when they become 
equal, the equation * be the greateſt; this there- 

"i I 
SP "FF ACC 
AC x CE=8P?, hence, SP is known. Let SW repre- 


fore happens when —- r or when 


ſent this value of SP; then as we know S, F 
(=24 "Ty will be known, and as SF is 2 
H 2 we 
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we can find the angle FS the true anomaly. Hence, 
(ſee Fig. in laſt page) (Art. 167) : V/SA :: 
tan. 4 true anom. : tan. J excen. anom. ACN, or tan. 4 
SCT; hence, as we know SC, we can find ST or ND; 
and to convert that into degrees, ſay, rad. i: ND :: 
57. 17'. 44,8: the degrees in ND, which added to 
or ſubtracted from the angle ACN, gives ACO the 
mean anomaly, the difference between which and the 
true anomaly is the greateſt equation. Thus we may find 

the equation at any other time, having given SP. 
171. The excentricity, and conſequently the dimen- 
ſions of the orbit, may be found from knowing the 
greateſt equation. For (Art. 170) the equation is 
greateſt when the diſtance is a mean between the ſemi- 
axes major and minor, and therefore in orbits nearly 
circular, the body muſt be nearly at the extremity of 
the minor axis, and conſequently the angle NCA or 
SC will be nearly a right angle, therefore ST is nearly 
equal to SC; alſo NSA will be very nearly equal to 
PSA. Now the angle NCA — NSA (PSA) = SNC, 
and DCA—NCA=DCN; add theſe together, and 
DCA—PSA=DCN +8SNC, which (as NC is nearly 
parallel to DS) is nearly equal to 2DCN; that is, the 
difference between the true and mean anomaly, or the 
equation, is nearly equal to twice the arc DN, or twice 
S7, or very nearly twice SC. Hence, 57. 17. 44,8: 
half the greateſt equation :: rad. = 1: SC the excen- 
tricity. But if the orbit be conſiderably excentric, com- 
pute the greateſt equation to this excentricity ; and 
then, as the equation varies very nearly as SC, ſay, as 
the computed equation : excentricity found :: given 
greateſt equation: true excentricity. 


Ex. 


* 5 
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Ex. If we ſuppoſe, with M. de la CAIILLE, that 
Mercury 8 greateſt, men g 24%. 3. 5”; then 357“. 
17. 44,8 : 12%, 1. 32",5 :: 1: 209888 the excen- 
tricity very nearly. Now the —— equation, com- 
puted from this excentricity, is 237. 54. 28% 5; hence, 
23% 54. 28",g : 24% 3“. 5" :: 209888: 211165 the 
true excentricity. M. de la LAN DE makes the greateſt 
equation 230. 40“, and the excentricity „207745. 


172. The converſe of this Problem, that is, given 
the excentricity and true anomaly to find the mean, 
may be very readily and directly ſolved. The excen- 
tricity being given, the ratio of the major to the minor 
axis is known *, which 1s the ratio of NI to PI; hence, 
the angle ASP being given, we have PI: NI :: tan 
ASP: tan. ASN,; therefore in the triangle NCS, we 
know NC, CS and the angle CSN, to find the angle 
SCN, the ſupplement of which is the angle ACN or 
SCT; hence, in the right angled triangle $ TC, we know 
SC and the angle SCT, to find ST, which is equal to 
ND the arc meaſuring the equation, which may be 
found by ſaying, Radius: ST:: 5%. 17'. 44",8 : the 
degrees in ND, which added to ACN, gives * CD the 
mean anomaly, | 


. To find the hourly Motion of a Planet in it's Orbit, having 
given the mean hourly Motion. 


173. The hourly motion of a planet in it's orbit is 
found immediately from the Note to Art. 169; for it 
appears from thence, that the angles PSp, W Sv de- 

| {cribed 


For as AC, CS are known, we have se. π mn 
ACSC. 


H 3 
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ſcribed by the body at P in the ellipſe, and the body 
in the circle in the ſame time, are as S: SP“, or as 
(ſee the Figure in Page 114) AC CRE: SPez hence, 


AC x 


| PSp= WSw x e i. hourly motion of a planet 


in it's orbit, the angle V Sto being the mean motion of 
the planet in an hour. For extreme accuracy, S muſt 


be taken at the middle of the hour. T hus we may 
eaſily compute a Table of the hourly motions of the 


 Platers| in their orbits. h 


CHAP. 


— 


TE 4 


CHA „ 
ON THE OPPOSITIONS AND CONJUNCTIONS OF THE 
PLANETS. | - 


Art. 174. * E Pe and time of the ae of 

io a ſuperior, or conjunction of an inferior 
planet,' are the moſt important obſervations for deter- 
mining the elements of the orbit, becauſe at that time 
the obſerved is the ſame as the true longitude, or that 
ſeen from the ſun ; whereas if obſervations be made at 
any other time, we muſt reduce the obſerved to the 
true Jongitude, which requires the knowledge of their 
relative diſtances, and which, at that time, are ſup- 
poſed not to be known. They alſo furniſh the beſt 
means of examining and correctipg the Tables of the 
planets motions, by comparing the computed with the 
obſerved places. 

175. To determine the time of oppoſition, obſerve, 
when the planet comes very near to that ſituation, the 
time at which it paſſes the meridian, and alſo it's right 
aſcenſion (Art. 111 or 113); take alſo it's meridian 
altitude; do the fame for the ſun, and repeat the obſer- 
vations for ſeveral days. From the obſerved meridian 
altitudes find the declinations, and from the right 
aſcenſions and declinations compute (Art. 114) the 
latitudes and longitudes of the planet, and the longi- 
tudes of the ſun. Then take a day when the difference 
of their longitudes is nearly 180˙, and on that day re- 
duce the ſun's longitude, found from obſervation when 
5 it paſſed the meridian, to the longitude found at the 
H 4 | time 
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time (t) the planet paſſed, by finding from obſervation, 
or computation, at what rate the longitude then in- 
creaſes. Now in oppoſition the planet 1s retrograde, 
and therefore the 'difference between the longitudes of 
the planet and ſun increaſes by the ſum of their motions. 

Hence, the following Rule : As the ſum of their daily 
motions in longitude : the difference between 180 and 
the difference of their longitudes reduced to the, ſame 
time (i), (ſubtracting the ſun's longitude from that of 
the planet to get the difference reckoned from the fun 
according to the order of the ſigns) :: 244. : interval 
between that time () and the time of oppoſition, ' This 
interval added to or ſubtracted from the time. (2), ac- 
cording as the difference of their longitudes At, that 
time was greater or leſs than 180%, gives the time of 
oppoſition. If this be repeated for ſeveral days, and 
the mean of the whole taken, the time will be had 
more accurately. And if the time of oppoſition found 
from obſervation, be compared with the time of compu- 
tation from the Tables, the difference will be the error 
of the Tables, which may ſerve as the mean of correct- 
ing them. | | 


| Ex. On October 24, 15 M. de la Lanpz ob- 
ſerved the difference between the right aſcenſion of 8 
Aries, and Saturn, which paſled the meridian at 12/4. 17. 
17“ apparent time, to be 80. 5. 7”, the ſtar paſſing firſt. 
Now the apparent right aſcenſion of the ſtar at that 
time was 25*. 24. 33% 6, hence, the apparent right 
aſcenſion of Saturn was 15. EY 29. 406 at 12h. 1. 17” 
apparent time, or 124, 1'. 35“ mean time. On the 
ſame day he found from obſervation of the meridian 
altitude of Saturn, that it's declination was 10%. 3 % 
| 20” N. 
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20” N. Hence, from the right aſcenſion and declina- 
tion of Saturn, it's longitude is found to be 1*. 4. 50. 
56”, and latitude 25. 43“. 25” ſouth. At the fame time 
the ſun's longitude was found by calculation to be 
75. 1. 19. 22“, which ſubtracted from 1“. 4*. 500. 56” 
gives 6˙. 35. 31“. 34“; hence, Saturn was 37. 31“. 34” 
beyond oppoſition, but being retrograde muſt after- 
warde come into oppoſition. Now, from the obſerva- 
tions made on ſeveral days at that time, Saturn's longi- 
tude was found to decreaſe 4. 50“ in 24 hours, and by 
computation the ſun's longitude increaſed 59“. 59“ in 
the ſame time, the ſum of which is 64. 49“; hence, 
64. 49“: 3˙. 31“. 34” :: 244. : 78h. 20“. 20“, which 
added to October 24, 124. 1“. 37“ gives 27d. 18h. 21, 
57 for the time of oppoſition. Hence, we may find 
the longitude of Saturn at the time of oppoſition, by 
ſaying, 24. : 78h. 200. 20” :: 4. go” : 15%. 47” the 
retrograde motion of Saturn in 784. 20'. 20”, which 
ſubtracted from 1*. 4*. 500. 56“ leaves 11. 4*. 35% 9“ the 
longitude of Saturn at the time of oppoſition. In like 
manner we may find the ſun's longitude at the ſame 
time, in order to prove the oppoſition; for 24h. : 
18k. 20'. 20” i: 59“. 59“: 3* 15%. 47”, which added to 
*. 1*. 19“. 22”, the ſun's longitude at the time of ob- 
ſervation, gives 7. 4%. 35. 9“ for the ſun's longitude 
at the time of oppoſition, which 1s exactly oppoſite to 
that of Saturn, Hence, alſo we may find the latitude 
of Saturn at the ſame time, by obſerving in like manner 
the daily variation, or by computation from the Tables 
after the elements of it's motions are known, and the 
Tables conſtructed ; by which it appears, that in the 
interval between the times of obſervation and oppoſition, 
the latitude had increaſed 6”, and confequently the 

latitude 
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| Htitude was 2*. 47. 31“. Thus we find the time * 
oppoſition of all the ſuperior planets. 


| 196. The place and timoiof ade of an infe- 
rior planet may be found in like manner, when the 
elongation of the planet from the ſun, near the time 
of conjunction, is ſufficient to render it viſible; the 
moſt favourable time therefore muſt neceffarily be when 
the geocentric latitude of the planet at the time of con- 
junction is the greateſt. In the year 1689, Venus was 
in it's inferior conjunction on June 25, and it as ob- 
ſerved on 21, 22, and 28; from which obſervations it's 
conjunction was found to be at 134. 46' apparent time 
at Paris, in longitude & 4“. 53. 40”, and latitude 
3˙. 1. 40“ north. The ſtate of the air muſt be very 
favourable, that the time and place of the ſuperior con- 
junction may be thus obſerved; for a8 Venus is then 
about ſix times as far from the earth as at it's inferior 
conjunction, it's apparent diameter and the quantity of 
light which we receive from it are ſo ſmall, as to render 
it difficult to be perceived. But the moſt accurate 
method of obſerving the time of an inferior conjunction 
both of Venus and Mercury is from obſervations made 
upon them in their tranſits over the ſun's diſc. 


* 


CHAP. 


a} Sh, by. 


C.H A P. XII. 


ON THE MEAN MOTIONS OF THE PLANETS. 


Art. 177. PHE determination of the mean motions 
of the planets, from their conjunctions 

and oppoſitions, would very readily follow, if we knew 
the place of the aphelia and excentricities of their orbits; 
for then we could (Art. 166) find the equation of the 
orbit, and reduce the rue to the mean place. The 
mean places being determined at two points of time, 
give the mean motion correſponding to the interval 
between the times. But the place of the aphelion is 
beſt found from the mean motion. To determine there- 
fore the mean motion, independent of the place of the 
aphelion, we muſt ſeek for ſuch oppoſitions or con- 
junctions, as fall very nearly in the ſame point of the 
Heavens; for then the planet being very nearly in the 
| fame point of it's orbit, the equation will be very nearly 
the ſame at each obſervation, and therefore the com- 
pariſon between the true places will be nearly a compa- 
tiſon of their mean places. If the equation ſhould differ 
much in the two obſervations, it muſt be conſidered. 
Now by comparing the modern obſervations, we ſhall 
be able to get nearly the time of a reyolution; and then 
by comparing the modern with the ancient obſerva- 
tions, the mean motion may be very accurately deter- 
mined; for any error, by dividing it amongſt a great 
number of revolutions, will become very ſmall in re- 
ſpect to one revolution. As this will be beſt explained 
by an example, we ſhall give one from M. Cass1n1 
(Elem. 


> —— — — — — init 8 — 
= 20 = „ 
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(: Elem. d. Aſtron. pag. 362), with the proper explana- 
tions as we proceed. 


Ex. On September 16, 1701, Saturn was in oppoſi- 
tion at 24. when the place of the ſun was ww 23. 21“ 


16”, and conſequently Saturn in & 23*. 21'. 16”, with 


2*. 27, 45 ſouth latitude. On September 10, 1730, 


the oppoſition was at 12h. 27 and Saturn in & 177. 


63'. 57, with 2%. 19“, 6” ſouth latitude. On Sep- 
tember 23, 1731, the oppoſition was at 154. 51 in 
ob. 30'. 50“, with 2. 36'. 55” ſouth latitude. Now the 
interval of the two firſt obſervations was 29 years (of 


which 7 were biſſextiles) wanting 5d. 134. 33'; and 


the interval of the two laſt was 1y. 13d. 3h. 24. Alſo 
the difference of the places of Saturn in the two firſt 
obſervations was 5*. 27. 19”, and in the two laſt it was 
122. 36'. 53”. Hence, in 1y. 13d. 3h. 24 Saturn had 
moved over 12*. 36'. 53”; therefore 125. 36'. 53” : 
5*. 27. 19“ :: 1y. 13d. 31. 24: 163d. 12h. 41“ the 
time of moving over 5˙. 27. 19“ very nearly, becauſe 
Saturn, being nearly in the ſame part of it's orbit, will 
move nearly with the ſame velocity; this therefore 
added to the interval between the two firſt obſervations 
(becauſe at the ſecond obſervation Saturn wanted 5. 
27. 19” of being up to the place at the firſt obſerva- 
tion) gives 29 common years 164d. 23/. 8 for the 
time of one 2 Hence ſay, 295. 164d. 234. 8 
: 365d. :: 360". : 12%. 13“. 23”. 50“ the mean annual 
motion of Hema þ in a common year of 365 days, that 
is, the motion in a year if it had moved uniformly, It 
we divide this by 365 we ſhall get 2. o”. 28” for the 
mean daily motion of Saturn. The mean motion thus 
derermined will be ſufficiently accurate to determine 

| the 
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the number of revolutions which the planet muſt have 
made, when we compare the modern with the ancient 
obſervations, in order to determine the mean motion 


more accurately. 


The moſt ancient obfervation which we have of the 
oppoſition of Saturn was on March 2, in the year 228, 
before J. C. at one o'clock in the afternoon in the 
meridian of Paris, Saturn being then in x 8˙. 23“, with 
25. 50 north lat. On February 26, 1714, at 8k. 15, . 
Saturn was found in oppoſition in m 7'. 56'. 46”, with 
2*. 3 north lat. From this time we muſt ſubtract 11 
days, in order to reduce it to the fame ſtyle as at the 
firſt obſervation, and conſequently this oppoſition hap- 
pened on February 15, at 84. 15. Hence, the dif- 
ference between theſe two places was only 26“. 14“. 
Alſo, the oppoſition in 1715 was on March 11, at 
163. 55”, Saturn being then in 217 3“. 14“, with 
2*. 25' north lat. Now between the two firſt oppoſi- 
tions there was 1942 years (of which 485 were biſſex- 
tiles) wanting 14d. 16h. 45, that is, 1943 common 
years, and 105d. 7h. 15 over. Alſo, the interval be- 
tween the times of the two laſt oppoſitions was 378d. 
84. 40', during which time, Saturn had moved over 
ex. E. 28”; hence, 19*. 6. 28” : 20. 14” 1: $706. - 
8h. 40“: 13d. 14h, which added to the time of the 
oppoſition in 1714, gives the time when the planet had 
the ſame longitude as at the oppoſition in 228 before 
J. C. This quantity added to 1943 common years 
iogd. 71. 15 gives 1943. 118d. 214. 15, in which 
interval of time Saturn muſt have made a certain com- 
plete number of revolutions. Now having found, from 
the modern obſervations, chat the time of one revolu- 

tion 
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tion muſt. be nearly 29 common years 164d. 234. 8, 
it follows that the number of revolutions in the above 
interval was 66 ; dividing therefore that interval by 66 
we get 29y. 162d. 40. 27 for the time of one revolu- 
tion. From comparing the oppoſitions in the years 
1714 and 1715, the true movement of Saturn appears 
to be very nearly equal to the mean movement, which 
ſhows that the oppoſitions have been obſerved very near 
the mean diſtance ; conſequently the inotion of aphe- 
lion cannot have cauſed any conſiderable error in the 


determination of the mean motion. Hence, the mean 


annual motion is 125. 13'. 35”. 14“, and the mean daily 
motion 2'. o“. 35“. Dr. HALLEY makes the annual 
motion to be 129. 13“. 21”. M. de PLact makes it 
12% 13“, 368. As the revolution here determined is 
that in reſpect to the longitude of the planet, it muſt 
be a tropical revolution. Hence, to get the fidereal re- 
volution, we muſt ſay, 2“. o“. 35“: 24. 42”. 20” (the 
preceſſion in the time of a tropical revolution (Art. 130)) 
:: 1 day: 12d. 7h. 1. 57”, which added to 295. 162. 


4k. 27 gives 295. 174d. 114. 28“. 57“ the length of a 


ſidereal year of Saturn. Thus we find the periodic 


times of all the ſuperior planets. The periodic times 


of the inferior are found from their conjunctions. 

The periodic times of the planets are as follows; 
Mercury, 87d. 234.15. 43,6; Venus, 2244. 164. 49. 
10",6; Mars, 1y. 321d. 234. 30'. 35,"6; Jupiter, 10. 
315d. 144. 27. 10,8; Saturn, 29. 174d. 1h. 51 11,24. 
the Georgian, 83y. 150d. 184. 


ba Wr I 


A 


CH: A: Bc III. 


ON' THE GREATEST , EQUATION, EXCENTRICITY, 
AND PLACE OF THE APHELIA OF THE ORBITS 


OF THE PLANETS. 


Art. 178. Hane the mean motions 
8 of the planets, we proceed next to ſhow 
the method of finding the greateſt equation of their 
orbits, the excentricity and place of their aphelia. For 
although, in order to determine the mean motions very 
accurately, theſe things were ſuppoſed to be known, 
without them the mean motions may be ſo nearly aſcer- 
tained, that theſe elements may from thence be very 
accurately ſettled. By Art. 161, we may find the 
diſtance of a planet from the ſun in any point of it's 
orbit. The Problem therefore is, having given in length 
and poſition, three lines drawn from the focus of an 
ellipſe, to determine the ellipſe. 
179. Let SB, SC, SD be the three lines; produce 
c * 


* 


F ERIT TU | 
CB, CD, and take SB: SC :: EB: EC, and SC: SD 
| :: CF 
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9M Os 1 
2 CF: DF, then SC = SB: SC :: BC: ECR Y 


and $C—SD : g :: DC: C- g Join FE, 
and draw DK, CI, BH perpendicular to it. Now by 
ſimilar triangles, IC: HB :: EC: EB :: (by con.) SC: 
Sz; alſo, IC: KD:: CF: DF::SC: SD. Hence, 
the proportion of IC, HB, KD is the ſame as SC, SB, 
5. D, conſequently EF is the directrix of the ellipſe 
paſſing through B, C, D. Through & draw AS2G 
perpendicular to FE; take GA : AS :: CI: CS, and 
G2:82:: CI: CS; then CIA CS: CS:: GS: S2 
ED ; allo 48g, and 4, 9 vill be the 
vertices of the conic ſection. | 
180. Calculation. In the triangles SBC, SCD, we 
know two fides and the included angles, they being the 
diſtances of the obſerved places of the orbit ; hence, 
we can find BC, CD and the angles B CS, SCD, and 
conſequently BCD. Hence, (Art. 179) we know CE 
and CF, and the angle ECF being alſo known, the 
angle CEF can be found. Therefore in the right 
angled triangle CIE, CE and the angle E are given, 
hence, CT is known. Join ST1*; then in the triangle 
SIC we know CI, CS and the angle SCI (= ECT— 
BCS); hence, we know SJ and the angles CIS, CSI, 
and hence the angle SIG is known; therefore in the 
right angled triangle $1G, we know SI and the angle 
SIe, from whence SG is found. Hence, (Art. 179) 
we know $4, $2, half the difference of which is the 
excentricity, and their ſum = A2. Laſtly, in the triangle 
BSO* (O being the other focus) we know all the ſides, 
to find the angle B SA, the diſtance of the aphelion 
from the obſerved place B. 


In 
* The lines SI, BO are wanting in the Figure. 
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In the year 1740 on July 17, Auguſt 26, Septem- 
ber 6, M. de la CaitLE found three diſtances of 
Mercury (the mean diftance being, 10000) as follows ; 
SB = 10351,5, IC=11325,5, SD=9672,166, the 
angle BSC=93*. 27. O. 35” and CSD=44*. 40. 4”. 
Hence, BCS= 299. 65. 5”, BC=18941, SCD= 569. 
49', CD=8124,5 BCF 80. 44. 5", CE=215004, 
CE=55647,CEF=149.41. 44“, CI = 54543, CSI 
124. 47. 45, CIS = e. 49. 4“, S1 47281, SIG= 
80. 100. 56”, S6 = 46589, SP=8010,5, SA 12209, 
SO 4198, 3, hence the excentricity = 2099, 75, BSA = 
717. 37. 23“ or 2*. 11%. 37. 23”, which added to 60. 29. 
13“. 51”, the poſition of SB, gives 8*. 13%. 51“. 14” for 
the place of the aphelion. Hence, the greateſt equation 
is 24%. 3“ “% 

181. Or from the ſame data the place of the aphe- 
lion and excentricity may be thus found. Put the 
ſemi-axis major i, SBS, SD=6b, SC=c, the angle 
BSD=v, BSC=an, BS2=x, OS= ue, half the para- 
meter r. Then by a well known property of the 
r r 


ellipſe, i * col 
A ; hence, r=a+ae.col. x=b+ be.col. 
$08, col. u+x' 


* 5 2 
v+x=c+ce.col. u+x; therefore = — 


C—@ 


Se ; now for coſ. V ＋ x, and 


4. coſ. x =c. col. u+x 
col. #+ x, ſubſtitute col, v. coſ. x- fin. v fin. x, and 


col. . coſ. x = fin. . fin. x, and we ſhall have 
b—a 


4 col. x b.col. Y col. 7 T fin, v fin, x © 
Vol. IV. 1 826 
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pom. 44 b ; 
a. Col. 7 col. u . col. en. - An. x ? 
divide each denominator by coſ. x, and we have 
| 5-4 | C—4a 
 a—b.col. 9+. fin.v.tan.x 2 - c.col.u+clin. u. tan 
5. CA. coſ. v=c.b—a.col. - 4. — —5 
b.c-a. fin. -c. - 4. ſin. u 
which gives the place of the perihelion. Hence, we 
426 
2. Col. æ c col. n+x 
quently 1=e and 1+e the perihelion and aphelion 
_ diſtances are known. The Species of the ellipſe being 
determined, it's major axis may be thus found. 
Compute the mean anomaly correſponding to the angle 
(CSB, then ſay, as that mean anomaly : $360* :: the 
time of deſcribing the angle CSB: the periodic time, 
The periodic time being known, the major axis is 
found (Art. 162) by KeyLer's Rule. For other 
practical methods, ſee my Complete Syſkem of Aſtronomy. 
182. All the epochs in our Aſtronomical Tables are 
reckoned from noon on December 31, in the common 
years, and from January 1, in the biſſextiles. 


The places of the Aphelia for the beginning of 17 50, 
are, Mercury, 8˙. 13. 33'. 58“; Venus, 10“. 7. 46“ 425 
the Earth, 9*. 8*. 375 167% Mars, 5˙. 1. 28. 14; 
Jupiter, 6* 10. 21“. 4”; Saturn, 8. 28% 9. 7; 
rp Georgian, 11*. 169. 19. 30”. 

'The excentricities of the orbits, the mean diſtance 
of the earth from the ſun being 100000, are, Mercury, 
7955-4; Venus, 498; the Earth, 1681,395 ; Mars, 
14183, 7; Jupiter, 25013,3 ; Saturn, 53640, 42; the 

Georgian, 90804. 
| The 


know e=- == the excentricity ; conſe- 


—_—— * 2 * a 
22. „ —— , 
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The greateſt equations, are, Mercury, 23%. 40. 00%; 
Venus, oe. 47. 20“; the Earth, 1. 55. 36", 53 
Mars, 10%. 40“. 40“; Jupiter, 5, 3o'. 38“, 3; Saturn, 
6. 26. 42“; the Georgian, 5˙. 2. 16”, 


The aphelia of the orbits of the planets have a 
motion, which may be found, from finding the places 
of the aphelia of each at two different times. Thoſe 
motions in longitude in 100 years are, Mercury, 
1. 33. 45"; Venus, 1*. 21. 0“; the Earth, 1. 43.35 
Mars, 1“. 51. 40”; Jupiter, 1“. 34. 33“; Saturn, 
15. 500 of WW : 

According to the calculation of M. de la GzxAnce, 
the aphelion of the Georgian Planet is progreſſive 30,17 
in the year, from the action of Jupiter and Saturn; 
conſequently it's motion in longitude is 30,25 13,17 
= $3442: | 


L 2 J. 


C H A p. XIV. 


ON THE NODES AND INCLINATIONS OF THE 
- ORBITS OF THE PLANETS TO THE ECLIPTIC. 


* Art: 183. 8 obſerving the courſe of the planets 
| for one revolution, their orbits are 
found to be inclined to the ecliptic, for they appear 
only twice in a revolution to be in the ecliptic ; and 
as it is frequently requiſite to reduce their places in the 
ecliptic, aſcertained from obſervation, to the cor- 
reſponding places in their orbits, it is neceſſary to 
know the inclinations of their orbits to the ecliptic, 
and the points of the ecliptic where their orbits interſect 
it, called the Nodes. But previous to this, we muſt 
ſhow the method of reducing the places of the planets 
ſeen from the earth to the places ſeen from the ſun, 
and how to compute the heliocentric latitudes. 
„ 184. Let E be the place of the earth, P the planet, 
S the ſun, ꝙ the firſt point of aries; draw Pu perpen- 


dicular to the ecliptic, and produce ES to a, Com- 
3 £& 3 - pute, 


- 


— 
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pute, at the time of obſervation, the longitude of the 
ſun ſeen at a, and you have the longitude of the earth 
at E, or the angle Y SE; compute alſo the longitude 
of the planet, or the angle v Sv, and the difference 
of theſe two angles is the angle ESv of commutation. 
Obſerve the place of the planet in the ecliptic ; and 
the place of the ſun being known, we have the angle 
vES of elongation in reſpect to longitude ; hence, we 
know the angle SvE, which meaſures the difference of 
the places of the planet ſeen from the earth and the 
ſun; therefore the place of the planet ſeen from the 
earth being known, the place ſeen from the ſun will 
be known. Alſo, tan. PEV: rad. :: vP: Ev Ver 
rad. : tan. PSv :: v$ : vP 

1 tan. PEv : tan. PS:: vS : Eo: 
fin. SE: ſin. ESv; that is, the fine of elongation in 
longitude : fin. of the difference of the longitudes of the ' 
earth and planet :: tan, of the geocentric latitude : tan. of 
the heliocentric latitude, [When the latitude 1s ſmall, 
SV: Ev very nearly as PS: PE, which, in oppoſition, 
is very nearly as PS: PS - SE. Or we may compute 
(Art. 167) the values of PS and SE, which we can do 
with more accuracy than we can compute the angles 
SE and ESv. The curtate diſtance Sv of the planet 
from the ſun may be found, by ſaying, rad, : coſ. PSv :: 
PS: Sv. ] | 

18;. Now to determine the place of the node, find 
the planet's heliocentric latitudes juſt before and after 
it has paſſed the node, and let 4. and þ be the places 
in the orbit, m and x the places reduced to the ecliptic; 
then the triangles am N, bu (which we may con- 
ſider as rectilinear) being ſimilar, we have amn: 
mu :: am: * that is, e ſum of the .tv latitudes : 

I 3 the 


# 
—_— 
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the difference of the longitudes :: either latitude : the diſtunce 
id the node from the n correſponding ta that latitude, 


Or if we take · the two latitudes ſeen from the earth, it 
will be very nearly as aecurate when the obſervations . 
are made in oppoſition. If the diſtance of the obſerva· 
tions ſhquld exceed a degree, this Rule will not be 
ſufficiently accurate, in which caſe'we muſt make ,our 
computations for ſpherical triangles thus. Put mn = 


fin. a 


N 


a, bu=B, am b, Mx; then by iph. trig, 


BS 


ot. N= but fin, 2 x =ſin. ax coi) * ſin. x x 


| | | ſin. a x col. x— in. x x coſ. a ſin. x 
col. a; hence, — =—, 
| tan. 3 tan. f 


fin. a x tan. 8 fin. x 
2 — tin. x; 
MD tan. T coſ. ax tan. Þ col. * * 


Ex. Mr. Bucsz obſerved the right aſcenſion and 
declination of Saturn, and thence deduced (Arts. 114, 
184) the following een longitudes and 
latitudes, 
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"1784, Apparent Time [Heljocentric Longit.| Heliocentric Latit. 
| [July 12, at 12h, 3, 1'| o'. 20. 37.29” 00. 3. 13. N 
120, — 11. 29. 99. 20. GI. 53 o. 2. 41 
Aug. 1, — 10. 38. 25 | 9. 21. 13. 17 [. I, 34 
3, — 10. 9. 0 9. 21. 26. 2 o. o. 56 
21, — 9: 14. 59 | 9. 21. 49. 27 o. o. 2 
| 27, — 8. 50. 19 9. 22. o. 12 o. o. 27S 
31, — 8. 33. 47 | 9. 22. 7. 32 1 0. 50 
Sept. c,. — 8. 13.'45 | 9. 22. 16. 28 d. 121 | 
I;, = 7. 33. 4 9. 22. 34. 32 ©. 1. 59 
oct. 8, — 4 4. — 9. 23. 16. 15 O. 3. 35 


From the obſervations on Auguſt 21 and 27, by 
conſidering the triangles as plane, x=44",5; from 
thoſe on 21 and 31, = 42% 5; and from thoſe on 
Auguſt 21, and September 5, x=40”; the mean of 
theſe is x= 42“; Mr, Buccs makes x= 41”, probably 
by taking the mean of a greater number, or computing 
from conſidering them as ſpherical triangles ; hence, 
the heliocentric place of the deſcending node was 
9˙. 21*. 50'. 8“ 5. Now on Auguſt 21, atgh..12'. 26” 
true time, Saturn's heliocentric longitude was 9“. 21%. 
49“. 27”, and on 27, at 84. 49. 23” true time, it was 
gf. 22% ©, 12"; therefore in five days 23/4. 36'. 57“ 
Saturn moved 10 45” in longitude; hence, 10', 45” : 
41” :: 5d. 23h. 36'. 57” : 9h, 7. 44” the time of de- 
ſcribing 41” in longitude, which added to Auguſt 21, 
9h. 12'. 26”, gives Auguſt 21, 18h. 20', 10” the 
time when Saturn was in it's node. 

The longitudes of the nodes of the planets for the 
beginning of 1750, are, Mercury, 1*. 15* 20, 43; 
Venus, 2*. 14%. 26'. 18“; Mars, 1˙. 17. 38“. 28”; 


Jupiter, 3˙. 7* 55. 32"; Saturn, 3˙. 21˙, 32". 22"; 
Georgian, 2. 12% 47 


14 186. To 


* 
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186. To determine the inclination of the orbit, we 


have bn the latitude of the planet, and u N it's diſtance 


upon the ecliptic from the node; hence, fin. #N : 


tan. bn :: rad. : tan. of the angle V. But the obſer- 
vations which are near the node muſt not be uſed to 
determine the inclination, as a very ſmall error in the 
latitude will make a conſiderable error in the angle. 
If we take the obſervation on July. 20, it gives the 


angle 2. 38“. 15“; if we take that on October 8, it 
gives the angle 29. 22“. 13“; the mean of theſe is 
2. 300. 140“ the inclination of the orbit to the ecliptic, 
from theſe obſervations. Or the inclinations may be 


found thus. 

187. Find the angle PSv by (Art, 184), and the 
place of the planet and that of it's node being given, 
we know vN; (See Fig. p. 132.) hence, fin; vN : 


tan. Py :: rad. : tan, PN the inclination of the 
| orbit. 2 


On March 27, 1694, at 7h, 4. 40“ at Greenwich, 
Mr. FLAMMsTEAD determined the right aſcenſion of 


Mars to be 115. 48“. 55”, and it's declination 249. 
100, 50“ north; hence, (Art. 184) the geocentric lon- 
gitude was S 23. 26'. 12", and latitude 25. 46'. 38”. 


Let S be the ſun, E the earth, P Mars, v the place 
reduced to the ecliptic. Now the true place of Mars 
(by calculation) ſeen from the ſun was K 280. 44 7 oj 
and the. place of the {un was SY 7. 34. 2 5” ; hence, 

tubtraRting | 
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ſubtracting the place of the ſun from the place of Mars 
ſeen from the earth, we have the angle v ES between 
the ſun and Mars 105%. 51'. 47”; and the place of the 
earth being = 7*. 34. 25”, take from it the place of 
Mars, and we have the angle ESv= 38˙. 500. 11”; 
hence (Art. 187), fin. 105%. 51. 47” : ſin. 38%. 50. 
11” :: tan. PEV. 46'. 38” : tan. PSV 1. 48. 36”. 
Now the place of the node was in 8 177. 15, which 
ſubtracted from & 28˙. 44. 14” gives 101%. 29“. 14” 
for the diſtance vN of Mars from it's node; hence, 
. fin. vN=101*. 29'. 14” : tan. Pyr . 48. 36" :: 
rad. ; tan. PNv=1*. 500. 50“ the inclination of the 
orbit. Mr. Buc6t makes the inclination to be 15. 
500. 56",56, for March, 1788. M. de la Laxps 
makes it 1*, 51' for, 1780. 

The inclination of the orbits of the planets, are, 
Mercury, 7. o'. o“; Venus, 3*. 23“. 35“; Mars, 1*. 
51'. 0“; Jupiter, 1*. 18“. 56“; Saturn, 25. 29'. 50% 
Georgian, 46%. 20'. 

188, The motions-of the nodes is found, by com- 
paring their places at two different times; from whence, 
that of Mercury in 100 years is 15. 12“. 10”; Venus, 
Oe. 51', 40“; Mars, o. 46'. 40“; Jupiter, o. 59“. 30”; 
Saturn, ob. 55. 30". This motion is in reſpect to 
the equinox. I | 

The Georgian planet has not been diſcovered long 
enough to determine the motion of it's nodes from 
obſervation, M. de la GRANGE has found the annual 
motion to be 12".5 by theory. But if we take the 
denſity of Venus according to M. de la Lanps, it 
will be 20”, 40”, which he uſes in his Tables. 

Thus 


- 
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Thus we have determined all the elements neceflary 
for computing the place of a planet in it's orbit at 


any time; but to facilitate the operation, which would 
be extremely tedious if we had only the elements thus 


given, Aſtronomers have conſtructed Tables of their 


motions, by which their places at any time may be 
very readily computed. 


CHAP. 
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CHAF £5: 
ON THE APPARENT MOTIONS AND PHASES OP 
THE PLANETS. 


Art. 189. * all the planets deſcribe orbits about the 
A. ſun as their center, it is manifeſt, that ta 
a ſpectator at the ſun they would appear to move in 
the direction in which they do really move, and ſhine 
with full faces. But to a ſpectator on the earth which 
is in motion, they will ſometimes appear to move in a 
direction contrary to their real motion, and ſometimes 
appear ſtationary; and as the ſame face is not always 
turned towards the earth and towards the ſun, ſome 
part of the diſc which is towards the earth will not be 
illuminated. Theſe, with ſome other appearances and 
circumſtances which are obſeryed to take place among 
the planets, we ſhall next proceed to explain; and as 
they are matters in which great accuracy is never 
requiſite, being of no great practical uſe, but rather 
ſubjects of curioſity, we ſhall conſider the motions of all 
the planets as performed in circles about the ſun in 
the center, and lying in the plane of the ecliptic. 
190. To find the poſition of a planet when ſtationary, 
Let $ be the ſun, E the earth, P the cotemporary 
poſition of the planer, X 7 the ſphere of the fixed ſtars 
to which we refer the motions of all the planets ; let 
EF, P be two indefinitely ſmall arcs deſcribed in 
the ſame time, and let EP, F produced, meet at L; 
then it is manifeſt, that whilſt the earth moves 
from E to F, the planet appears ſtationary at L; 
I | and 
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and on account of the immenſe diftance of the fixed 
ſtars, EPL, F2L may be conſidered as parallel. 


Draw SE, $SFw, SVP and $2; then as EP and F 
are parallel, the angle 2FS— PES=PwS— PES= 
ESF, and SPw—-S2F=SyF-S2F=PS2; that 
is, the cotemporary variations of the angles E and P 
are as ESF : PS, or (becauſe the angular velocities 
are inverſely as the periodic times, or i in the 


ſeſquiplicate ratio of the diſtances) as $P* 5 Es, or 
2 3 
as a* : 1*, But the fines of the angles E and P 


being in the conſtant ratio of @ : 1, the cotem- 
porary variations of ' theſe angles will be as their 
tangents *. Hence, if x and y be the fines of the * 


E and P, we have x : 5 :: 5 I, and 


Wes Ee 


praft bo: V1-x* 
r whence "IF. are... bo 
A 1 a=1 a*+a+1 
fi 
and & x e. r the ne of the n s elongation 
from the ſun when — RY | 


: Ex, 
© © See the Optics, Art. 421. 
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Ex. If P be the earth, and E Venus; and we take 
the mean diſtances of the earth and Venus to be 
rooOO0 and 72333, we find xo, 48264 the fine of 


28. 51“. 5”, the elongation of Venus when ſtationary, 


upon the ſuppoſition of circular orbits. 


For excentric orbits, the points will depend upon 
the poſition of the apſides and places of the bodies at 
the time. We may however get a very near approxi- 
mation thus. Find the time when the planet would 
be ſtationary if the orbits were circular, and compute 


for ſeveral days, about that time, the geocentric place 5 


of the planet, ſo that you get two days, on one of 
which the planet was direct and on the other retro- 
grade, in which interval it muſt have been ſtationary, 
and the point of time when this happened may be 
determined by interpolation. 

191. To find the {ime when a planet is ſtationary, 
we muſt know the time of it's oppoſition, or inferior 
conjunction. Let m and x be the daily motions of the 
earth and. planet, and v the. angle PSE when the 
planet is ſtationary; then u, or n mm, is the daily 
variation of the angle at the ſun between the earth and 
planet, according as it is a ſuperior or inferior n ; 


U 
hence, u, or n- ,: V:: 1 day: , or — the 
| ' 5 m—n u—m 


time from oppoſition or conjunction to the ſtationary 
points both before and after. Hence, the planet muſt 
be ſtationary twice every /yuogic * revolution. 

| x? 2 Ex. 


»A Synedic revolution is the time between two conjunctions of 
the. ame ſort, or two oppoſitions of a planet. 
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Ex. Let P be the earth, E Venus; then byithe 
Example to Art. 313, the angle SPE = 208. 57555 | 
therefore PSE=13*; alſo. 1 37 hence, 37 : 
13˙ :: 1 day: 21 days the time between the inferior 
| * and the ſtationary — 


192. If che elongation be obſerved when ſtationary; 
we may find the diſtance of the planet from the ſun; 
compared with the earth's e- n to be 


unity. For (Art. 190) ** = — — z hence, 4* + 


x & 
„ tel CAL = the tangent of the angle 


| whoſe fine is x) a* —7* a=1*; conſequently c= f + 


t Nc „ upon the ſuppoſition of circular orbits. 
193. A ſuperior planet is retrograde in oppoſition, 
and an inferior planet in it's inferior conjunction. 
For let Z be the earth, P a ſuperior planet in oppoſi- 
tion; then as the velocities are as the inverſe ſquare 
roots of the radii of the orbits, the ſuperior planet 
moves ſloweſt ; hence, if EF, P be two indefinitely. 
ſmall cotemporaty arcs, P is leſs than EF, and on 
account of the immenſe diſtance of the ſphere TZ of 
the fixed ſtars; F2 muſt cut EP in ſome point x 
between P and m, conſequently the planet appears 
retrograde from m to u. If P be the earth, and 
E an inferior planet in inferior conjunction, it will 
appear retrograde from v to w. Hence, from 
this and the laſt Article, a ſuperior planet appears 
retrograde from it's ſtationary point before oppoſition 
| | | 10 
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to it's ſtationary point after; and an inferior planęt, [i 


* 


from it's ſtationary point before inferior conjunction to 


it's ſtationary point after. 
X + 194. If S be the ſun, E the earth, Y Venus or 
Mercury, and EV a tangent to the orbit of the planet, 


then will the angle 8 E / be the greateſt elongation of 
the planet from the ſun; which angle, if the orbits 


were circles having the ſun in their center, would be 
found 


7 


1 


144 oO THE APPARENT "MOTIONS 


found by ſaying, - ES: S:: rad. : fin, SEV, But 
the orbits are not circular, in conſequence of which 
the angle EVS will not be a right angle, unleſs the 


_ greateſt elongation happens when the planet is at one 


of it's apſides. The angle S EV is alſo ſubject to an 
alteration from the variation of SE and SY. The 
greateſt angle SE happens, when the planet is in it's 
aphelion and the earth in it's perigee; and the leaſt 
angle SEY, when the planet is in it's perihelion and 
the eartli in it's apogee. M. de la Lands has calcu- 
lated theſe greateſt elongations,-and finds them 47. 48 
and 44*. 57 for Venus, and 28. 20' and 179. g6' for 
Mercury. If we take the mean of the greateſt elonga- 
tions of Venus, which is 46*. 22',5, it gives the angle 
VSE = 43 37,5; and as the difference of the daily 
mean motions of Venus and the earth about the ſun is 
37, we have 37' : 43* 37/5 :: 1 day: 70,7 days, the 
time that would elapſe between the greateſt elongations 
and the inferior conjunction, if the motions had been 
uniform, which will not vary much from the true time. 

195. To delineate the appearance of a planet at any 


time. [Let 8 be the ſun, E the earth, Y Venus, 01 


example, 
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example, a/ the plane of illumination perpendicular 
to SY, cd the plane of viſion perpendicular to EV, 
and draw av perpendicular to cd; then ca is the 
breadtli of the vifible illuminated part, which is pro- 
jected into cv, the verſed fine of Va, or SV Z, for 
Ve is the complement of each. Now the circle ter- 
minating the illuminated part of the planet, being ſeen 
obliquely, appears to be an ellipſe; therefore if em dn 
repreſent the projected hemiſphere of Venus next to 
the earth, mn, cd, two diameters perpendicular to each 
other, and we take cv = the verſed fine of SY Z,-and 
deſcribe the ellipſe mvn, then ncnum will repreſent 
the viſible enlighted part, as it appears at the earth ; 
__ from the property of the ellipſe, this area varies as 
Hence, the viſible enlightened part: lle whole diſc:: 
the verſed fine of SVZ : diameter. 

Hence, Mercury and Venus will have the ſame phaſes 
from their inferior to their ſuperior conjunction, as the 
moon has from the new to the full; and the ſame 
from the ſuperior to the inferior conjunction, as the 
moon has from the full to the new. Mars will appear 
gibbous in quadratures, as the angle VZ will then 
differ conſiderably from two right angles, and con- 
ſequently the verſed fine will ſenſibly differ from the 
diameter. For Jupiter, Saturn and the Georgian, the 
angle S/ never differs enough from two right angles 
to make them appear gibbous, o that they always 
appear full orbed. 

196. Let be the moon; then as EV is very ſmall 
compared with YS, ES, theſe lines will be very nearly 
parallel, and the angle S /Z very nearly equal to SE 
hence, the vifible enlightened part of the moon varies very 
nearly as the verſed fine of it's elongation, 

Vol. IV. K 197. Dr. 
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197. Dr. HaLLzyY propoſed the following Problems 


To find the poſition of Venus when brighteſt, ſuppoſing 


it's orbit, and that of the earth, to be circles, having 
the ſun in their center. Draw Sr perpendicular to EVZ, 
and put a=SE, A= S/, x= EY, yr; then b—y is 
the verſed ſine of the angle VZ; and as the intenſity 
of light varies inverſely as the ſquare of it's diſtance, 
the quantity of light receiyed at the earth varies as 


ne EM} but pg B. II. P. 12. a*=6* 


* 
x a? F-” 


and we get + the quantity 9 rght to be as =” — 


a — b* — &* _2bx=a*+8* +2 


the fluxion = o, and we get * 5834. F iy 


Now, if a = 1, $=,72333 as in Dr. HAL LEx's Tables, 


then x=, 43036; hence, the angle ESP =229. 217 
but the angle ES at the time of the planet's greateſt 
elongation is 43*. 40'; hence, Venus is brighteſt be- 
tween it's inferior conjunction and it's greateſt elon 

tion; alſo the angle SE/Y = 398. 44 the elongation of 
Venus from the ſun at the ſame time. The angle 
SVZ= =VSE+FES=629. 5, the verſed fine of which 
is 0,53, radius being unity; hence (Art. 195), re 
viſible enlightened part: whole diſc :: o, 53: 

Venus therefore appears a little more than one fourth 
illuminated, and anſwers to the appearance of the 
moon when five days old. Her diameter here is 
about 39”, and therefore the enlightened part is about 


10˙½2 5. At this Ge; Venus is bright enough to caſt a 


ſhadow 
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' ſhadow at night. This ſituation happens about 36 
days before and after it's inferior conjunction; for the 
daily variation of the angle ES is the difference of the 
daily motions of the earth and Venus about the ſun, 
which (taking their mean motions). is 37'; an angle 
E& therefore of 229. 21' correſponds to about 36 days, 
Venus paſſes the meridian about 24. 31“ before or after 
the ſun, according as we take the ſituation after or be- 
fore the inferior conjunction. If inſtead of ſuppoſing 
Venus and the earth at their mean diſtances, we ſup- 
poſe Venus in it's perihelion and the earth in it's 
apogee, the elongation of Venus when brighteſt would 
be 39“. 6'; and if Venus were in it's aphelion and the 
earth in it's perigee, it would be 40*. 20'. Memoirs de 
Berlin, 17 2 

198. If we apply this to Mercury, 52, 3171, and 
x=1,00058 ; hence, the angle ESP = 958*. 55%; but 
the ſame angle, at- the. time of the planet's greateſt 
_ elongation, is 67. 134. Hence, Mercury is brighteſt 
between it's greateſt elongation and ſuperior conjune- 
tion. Alſo the angle SE = 22%, 1877 the elongation 
of Mercury at that time. 

199 . When Venus is brighteſt, and at the ſame 
time is at it's greateſt north latitude, it can then be 
ſeen with the naked eye at any time of the day; for 
when it's north latitude is the greateſt, it riſes higheſt 
above the horizon, and therefore is more eaſily ſeen. 
This happens once in about eight years, Venus and 
the earth returning to the ſame parts of their orbits 

after that interval of time, 
200. Venus is a morning ſtar from inferior to ſuperior 
conjunction, and an evening ſtar from ſuperior to infe- 
xior conjunction. For let $ he the ſun, E the 
| K 2 earth, 


„e 


= — . 
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earth, ACBD the orbit of Venus, arm, cs x, two tangents - 
to the earth, repreſenting the horizon at each place, 


2 


Then the earth revolving about it's axis according to 
the order abe, when a ſpectator is at a, the part r Cm 


of the orbit of Venus is above the horizon, but the 
ſun 1s not yet riſen; therefore Venus, in going from r 
through C to m, appears in the morning before ſun 


riſe. When the ſpectator is carried by the earth's 


rotation to c, the ſun is then ſet, but the part ».Ds of 
Venus' orbit is ſtill above the horizon; therefore 
Venus, in going from » through D to , appears in 
the evening after ſun ſet. 35 

201. If two planets revolve in circular orbits, to 
find the time from conjunction to conjunction. Let 


'P = the periodic time of a ſuperior planet, p = 
that of an inferior, : = the time required. 


Then 


* — — 


= IS — 


r — 
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Then P: 1 day :: 360? ; 252 the angle deſcribed by 


the ſuperior planet in 1 day; for the ſame reaſon, = 
is the _ deſcribed by the inferior planet in 1 day; 
hence, 2 — 1 is the daily angular velocity of the 


inferior planet from che ſuperior. Now if they ſet out 
from conjunction, they will return into conjunction 
again after the inferior planet has gained 360˙; hence, 


_ 36% 3: 1 day: 5 This will 


a0 give M time between two HA or between 
any two fimilar ſituations. 


K 3 


an. 202. 1 


place at che middle of the eclipſe is directly oppoſite to 


. * 150 Renz 


— 


CHAP. XVI. 
* THE MOON'S MOTION , PROM OBSERVATION, 
AND. IT'S 3 0 


H E moon being the * 15 dert 
to the ſun, the moſt remarkable body i in 
our r ſyſtem, and alſo uſeful for the diviſion of time, it is 
no wonder that the ancient Aftronomers were attentive 


to diſcover it's motions ; and it is a very fortunate 


circumſtance, that their obſervations haye come down 
to us, as from thence it's mean motion can be more 


accurately ſettled, than it could have been by modern 


obſervations only; and it moreover gave occaſion to 
Dr. HALL EY, from the obſervations of ſome ancient 
eclipſes, to diſcover an acceleration in it's mean 
motion. The proper motion of the moon in it's orbit 
about the earth is from weſt to eaſt; and from com- 


| paring it's place with the fixed ſtars in one revolution, 


it is found to deſcribe an orbit inclined to the ecliptic; 


it's motion alſo appears not to be uniform; and the 
poſition of the orbit, and the line of it's apſides are 
| obſerved to be fubject to a continual change. Theſe 


circumſtances, as they are. eſtabliſhed by obſervation, 


we come now to explain. 


To determine the Place of the Moo s Nodes. 


| 203. The place of the moon's nodes may be deter 
mined as in Art. 185, or by the following method. 
In a central eclipſe of the moon, the moon's 


the 
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the ſun, and the moon muſt alſo then be in the node; 
calculate therefore the true place of the ſun, or which 
is more exact, find it's place by obſervation, and the 
oppoſite point will be the true place of the moon, and 
conſequently the place of it's node, 


Ex. M. Cassixi, in his Aftronomy, pag. 281, 
informs us, that on April 16, 1707, a central eclipſe 
was obſerved at Paris, the middle of which was deter- 
mined to be at 134. 48“ apparent time. Now the true 
place of the ſun calculated for that time was of, 26*, 
19. 17”; hence, the place of the moon's node was 
6˙. 26˙. 19\. 17”. The moon paſſed from north to 
ſouth latitude, and therefore this was the deſcending 


. 


5 204. To ROW the mean motion of the nodes, 

Soc (Art. 203) the place of the nodes at different 
times, and it will give their motion in the interval. 
We muſt firſt compare the places at a ſmall interval, to 
get nearly their mean motion, and then at a greater 
interval to get it more accurately. MATER makes the 
mean annual motion of the nodes to be 129. 19. 43",1, 


o the inclination of the Orbit of the Moon to the Edliptic 


205, To determine the inclination of the orbit, 
obſerve the moon's right aſcenſion and declination 
when it is 90 from it's nodes, and thence compute it's 


latitude (Art. 114), which will be the inclination at that 


time. Repeat the obſervation for every diſtance of the 
ſun from the earth, and for every poſition of the ſun 
and moon in reſpect to the moon's nodes, and you 

| K 4 | ml 


* 
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will get the inclination at thoſe times. From theſe 
obſervations it appears, that the inclination of the 
orbit to the ecliptic is variable, and that the leaf incli- 
nation is about 5*, which is found to happen when the 
nodes are in quadratures; and the greatef is about 
5*..18', which is obſerved to happen when the nodes 
are in ſyzygies. The inclination is found alſo. to de- 
995 upon the ſun's diſtance m the earth. 


On*the Mean Worion of the . 


* 206. The mean motion of the moon is found from 
_ obſerving it's place at two different times, and you get 
the mean motion in that interval, fuppoſing the moon 
to have had the ſame ſituation in reſpect to it's apſides 
at each obſervation; and if not, if there be a very 
great, interval of the, times, it will be ſufficiently exact. 
To. determine this, we muſt compare together the 
moon's places, firſt at a ſmall, interval of time from 

each other, in order to get nearly the mean titde 
of a revolution; and then at a greater interval, in 
order to get it more accurately. The moon's place 
may be determined directiy from obſervation, or 
deduced from an eclipſe. 

207. M. Cass1N1, in his Aſtronomy, pag. 294, 
obſerves, that on September 9, r718, the moon was 
eclipſed, the middle of which eclipſe tmppened at 8A. 4', 
when the ſun's true place was 5*. 16% 40. This he com- 
poared with another eclipſe, the middle of which was 
-obferved at 8h. 32' on Auguſt 29, 1519, when the 
ſun's place was 5*..5*: 477. In this interval of 3 544. 28 
the moon made 12 revolutions and $499. 7 over; 

divide therefore 3 54d. 15 ha 12. revolutions 349% , 
and 
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and it gives 27d. 7k. 6' for the time of one revolution. 
From two- eclipſes in 1699, 1717, the time was found 
to be 27d. 7h. 43'. 6“. 

208. The moon was Served at Paris to be eclipſed 
on Iptember 20, 1717, the middle of which eclipſe was 
at 64. 2. Now Prol Rur mentions that a total eclipſe 
of the moon was obſerved at Babylon on March 19, 
720 years before J. C. the middle of which happened 
at gd. 30“, at that place, which gives 64. 48' at Paris. 
The interval of theſe times was 2437 years (of which 
60g were biſſextiles) 147 days wanting 46'; divide this 
by 27d. 74. 43'. 6” and it gives 32585 revolutions and 
a little above J. Now the difference of the two places 
of the ſun, and conſequently of the moon, at the times 
of obſervation, was 6*.- 6%. 12. Therefore in the in- 
terval of 2437. 174d. wanting 46, the moon had 
made 3258 5 revolutions 60. 6. 12, which gives 27d. 
71. 13“. 5“ for the mean time of a revolution. This 
detetmination is very exact, as the moon was at each 
time very nearly at the ſame diſtance from it's apſide. 
Hence, the mean diurnal motion is 135. 10“. 35%, and 
the mean Zourly motion 32“. 56“. 274 M. de la 
-LANDE makes the mean diurual motion 135. 100. 3855 
2784394. This is the mean time of a revolution in 
reſpect to the equinoxes. The place of the moon at 
the middle cf the eclipſe has here been taken the fame 
as that of the ſun, which is not accurate, except for a 
central eclipſe ; it is W accurate, 3 for 
this long interval. 

209. As the preceſſion of the equinoxes is 50 25 in 
a 6 year, or about 4” in a month, the mean revolution 
of the moon in reſpeR to the fixed ſtars muſt be greater 
than that in reſpect to the equinox by the time the 
| moon 
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moon is deſcribing 4” with. it's mean motion, which is 
about 7“. Hence, the time of a fidereal revolution of 
the moon is 254 7h, 43 12. 


To determine the Place of the Moon s Apogee, and 10 
E quation of it's Orbit. 


210. Compare the obſerved place of the moon at 
any time with the place obſerved at any time after- 
wards; take the mean motion corteſponding to the 
interval of time, and add it to the moon's. place at the 
Giſt obſervation, and the difference between that ſum 
and the moon's place at the ſecond obſervation, ſhows 
the effect of the equation of the orbit between theſe 
two fituations of the moon. Repeat this for a great 
many intervals, and mark thoſe where the difference 
between the ſum before mentioned and the mwon's 
true place is greateſt both in exceſs and defect. If the 
greateſt exceſs and defect be equal, it is a proof that at 
the time of the firſt obſervation, the moon was in it's 
apogee or perigee, and that it's true and mean places 
were the ſame. In this caſe, each of theſe differences ts 
the greateſt equation of the moon's orbit. If the 
+ greateſt exceſs and defect be not equal, half the ſum 
will meaſure the greateſt equation; and if from the 
_ -greateſt equation we ſubtract the leaſt of the differences, 
we ſhall have the equation of the moon at the time of 
the firſt obſervation. M:;:Cassint uſes the place of 
the moon as determined from it's eclipſes, ſelecting 
thoſe which were proper for this e; and although 


- the apogee has moved in the interval, yet, as the true 


and mean place of the moon always coincide at the 
- apogee, it will not effect the concluſion, . __ 
211, Les 
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211. Let the firſt eclipſe, with which the others are 
to be compared, be a total one, the middle of which 
happened at Paris on December 10, 1685, at 104. 38'. 
10” mean time. The' true place of the ſun at that 
time, by calculation was 8˙. 197. 40', and conſequently 
the moon's place was 2*. 19% 40. Let the next 
eclipſe be the total one on May 16, 1696, the middle 
of which was at 12k. 7. 56” mean time at Paris, and the 
moon's place was 7. 26*. 53'. 35 Now in this inter- 
val of 10 years (of which 3 were biſſextiles) 157d, 14, 
29'. 46”, the mean motion af the moon, omitting the 
complete revolutions, was 5*. 12. 53'. 107; this added 
to 2*, 199%. 40', the place at the firſt ecliple, gives 8˙k 
2. 33. 10” for the mean place at the ſecond eclipſe, 
the difference between which and the true place 7. 
26˙. 53'. 35 is 5*. 39“. 35”. The next eclipſe com- 
pared with the firſt was that on March 15, 1699, the 
middle of which was at 74. 14 mean time at Paris, at 
which time the moon's true place was 5*. 2 55. 28“. 41”. 
Now in this interval of 13 years (of which 3 were 
biſſextiles) 94d. 204. 35. 50”, the mean motion of the 
moon, omitting the revolutions, was 3˙. 1*. 24'. 47“; 
this added to 2*. 19%. 40', the place at the firſt eclipſe, 
gives 5. 21. 4. 47” for the mean place at this third 
eclipſe, the difference between which and 5*. 2 5*. 280 
41” the true place, is 4. 23“. 54”. Now in the former 
caſe, the true place was leſs than the mean place by 
5*. 39%. 35', and in the latter caſe, the mean place is 
the leaſt by 4*. 23“. 54”. Theſe are the greateſt 
differences of all the eclipſes between 1685, and 1720. 
Now the ſum of theſe differences is 10%. 3. 29”, and 
the half ſum is 5*. 1'. 445 the greateſt equation of 
the moon's orbit deduced from theſe obſervations, 

This 
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This is the method uſed by M. Cass1x1. But the 

beſt method is, to obſerve accurately the place of the 
moon for a whale revolution as often as it can be done, 


and by comparing the true and mean motions, the 


greateſt diſſerence will be double the equation. If 
two obſervations be found, where the difference of the 
true and mean motions is nothing, the moon muſt 
then have been in it's apogee and perigee. MAYER 
makes the mean excentricity 0,05 503568, and correſ- 
ponding greateſt equation 6. 18“. 316. It is 6% 
18“. 32“ in his laſt Tables publiſhed by Mr. Neon. 
under the direction of Dr. MAsXELYNE.. : 

212. To determine the place of the apogee, "ow 
M. 'Cassint's obſervations, we have the greateſt 
equation = g. 1'. 44”,5 ;'therefare (Art. 171), 57% 17. 
48",8 : 2,30. 5225 :: AC=100000 : CT=4388 
for the moon's excentricity at that time *, Alſo, TF 
= 8776: TRS 200000 :: fin. TRF=18'. 55% 25: 
fin. FR; or FR. .. 12. 20”, from which take 
 TRF=18' 55",25,and we have ATM=6*. 53.25" 

the diſtance of the moon from it's apogee ; add this 
to 2˙. 19% 40'; the true place of the moon, and it 
gives 2*. 267. 33“. 25” for the Place af the apogee on 
December 10, 1685, at 104. 38“, 10” mean time at 
Paris. This therefore may be n as an epock 


* place of the apogee. 


To determine the mean Motion of the Mins 


213. Find it's place at different times, and compare 
dns mad og had the paces with the interval of the 
time 

- © The excentricity of the moon's orbit is ſubjeR to a variation, 


it being greateſt when the apſides lie in ſyzygies, and leaſt when 
eu lie in quadratures. 
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time between. To do this, we muſt firſt” compare 
obſervations at a ſmall diſtance from each other, leaſt 
we ſhould be deceived in a whole revolution; and 
then we can compare thoſe at a greater diſtance. 
The mean annual motion of the apogee in a year of 
365 days is thus found to be 40*. 39'. 5o” according 
to MAYER. Horrox, from obſerving the diameters 
of the moon, found the apogee ſubject to an annual 
ſtation of 12, 5. 


- 214. The motion of the moon having been examined 


for one month, it was immediately diſcovered, that it 
was ſubject to an irregularity, which ſometimes 
amounted to 5* or 6*, but that this irregularity diſap- 
peared about every 14 days. And by continuing the 
obſervations for different months, 1t alfo appeared, that 
the points where the inequalities were the greateſt, 
were not fixed, but that they moved forwards in the 
Heavens about 3* in a month, ſo that the —_ of 


the moon in reſpect to it's apogee was about — le leſs 


than- it's abſolute motion; ; thus it appeared that the 
apogee had a progreſſive motion. Pro ux deter- 
mined this firf inequality, or equation of the orbit, 
from three lunar eclipſes obſerved in the years 719 and 
720, before J. C. at Babylon by the Chaldeans; from 
which he found it amounted to 5. 1' when at it's 
greateſt, But he ſoon diſcovered that this inequality 
would not. account for all the irregularities of the 
moon. The diftance of the moon from the ſun 
obſerved both by Hieearcavs and himſelf, ſome- 
times agreed with this inequality, and ſometimes it 
did not. He found that when the apſides of the 
moon's orbit were in quadratures, this fr inequality 

would 
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would give the moon's place very well; but that when 
the apſides were in ſyzygies, he diſcovered that there 
was a further inequality of about 2*4, which made the 
whole inequality about 77. This ſecond inequality is 
called the Evedtion, and ariſes from a change of excen- 
tricity of the moon's orbit. The inequality of the 
moon was therefore found, by ProLEtMyY, to 'vary 
from about 5* to 777, and hence the mean quantity 
was 6*. 20. Mayer makes it 6*. 18“. 317,6. It is 
very extraordinary, that Prol Zur ſhould have de- 
termined this to ſo great a degree of accuracy. We 
cannot here enter any further in the inequalities of the 
motion of the moon. They who wiſh to ſee more on 


this ſubject, may conſult my Complete Syſtem of Aftro- 


— 
- 


Times of the Revolutions of the Moon, of it's Apogee and 
Node, as determined by M. de la Lanvs. 
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Tropical revolution . „ ©. $£& 795 


Sidereal revolution — 27. 7. 43. 11,5259 
Synodic revolution — 29. 12. 44. 2,8383 
Anomaliſtic revolution 27. 13. 18. 33,9499 


Revolution in reſpect to the node 27. 5. g. 35,603 

Tropical revolution of the apogee 87.311. 8. 34. 57,6177 
Sidereal revolution of the apogee 8. 312. 11. 11. 39,4089 
Tropical revolution of the node 18. 228. 4. 52. 52,0296 
Sidereal revolution of the node 18. 223. 7. 13. 17,144 
Diurnal motion of the moon in 


reſpect to the equinox 4 13% 10. 35",02784394 
Diurnal motion of the apogee - ©. 6. 41,0098 15195 
Diurnal motion of the node = __. ©, 3. 10,638603696 


The years here taken are the common years of 365 
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216. The diameter of the moon may be * 


at the time of it's full, by a micrometer; or it may be 
meaſured by the time of it's paſſing over the vertical 
wire of a tranſit teleſcope; but this muſt be when the 
moon paſſes within an hour or two of the time of the 
full, before the viſible illumination is ſenſibly changed 
from a circle, To find the diameter by the time of 
it's paſſage over the meridian, let 4” =the horizontal 


diameter of the moon, c=ſec. of it's declination, and 


m=the length of a lunar day, or the time from the 


; paſſage of the moon oyer the meridian on the day we 


calculate, to the paſſage over the meridian the next 
day. Then (Art. 192) cd” is the moon's diameter in 
right aſcenſion ; hence, 360: cd” :: M: the time (2) 


of paſſing the meridian ; therefore 4 = 360" x 2 If 


we obſerve when the limb of the moon cqmes to the 
meridian, we can find the time when the center comes 
to it, by adding to, or ſubtracting from the time when 
the firſt or ſecond limb comes to the meridian, half 
the time of the paſſage of the moon over the meridian. 
The time in which the ſemidiameter of the moon 
paſſes the meridian, may be found by two Tables, in 
the Tables of the moon's motion. 

216. ALBATEGNIUS made the diameter of the 
moon to vary from 29. 30“ to 35. 20", and hence the 
mean 32. 25”, CorgRN1cvs found it from 27, 34 
to 35. 38”, and theretore the mean 31'. 36”. KEILER 


made the mean diameter 31“. 22”, M. de la Hirg R 


made it from 29. 30“ to 33'. 30“. M. Cassixt made 


— — 
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his own obſervations, found the mean diameter to be 


31'. 26”; the extremes from 29. 22” when the moon 


is in apogee and conjunction, and 33'. 31“ when in 
perigee and oppoſition. The mean diameter here 
taken is the arithmetic mean between the greateſt and 
leaſt diameters; the diameter at the mean diſtance is 


31. 7". 27 © 


217. When the moon is at different altitudes above 


the horizon, it is at different diſtances from the ſpecta- 
tor, and therefore there is a change of the apparent 


F 


4 % | 
diameter. Let C be the center of the earth, A tlie 
place of a ſpectator on it's ſurface, Z his zenith, M the 
moon; then fin. CAM or ZAM: fin. ZCM :: CM: 


CM x fin. Z CN 


AM= fin. ZAM 


inverſely as it's diſtance ; hence, the apparent diameter 


as ins ZAM 
* Ji. ZCM® 


CM being ſuppoſed conſtant. 


Now i in the horizon, = 227 may be conſidered as 


; EA or fin. Z CN: 
fin. Z A M, or col. true alt, (a): coſ. apparent alt. (4) :1 


. to unity; hence, 1 


; but the apparent diameter is | 


it from 29“, 30” to 33. 38”, M. de la LAxpz, from 
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the horizontal diameter : the diameter at the apparent 
altitude (4). Hence, the horizontal diameter: it's 
increaſe :: coſ. a : coſ. A- coſ. a=2fin. Ja+iA4x 
ſin. 14 14 IJ; therefore the increaſe of the ſemidiameter 


ſin. Ia+TA x in. 5 
1 60 ſemidiam. x — 2 


this we may eaſily conſtruct a Table of the increaſe of 
the ſemidiameter for any horizontal ſemidiameter z and 
then for any other horizontal ſemidiameter, the * 


will vary in proportion. 


from 


On tlie N of the Moon. 


218. By Art. 196. the greateſt breadth of the vi- 
ſible illuminated part of the moon's ſurface varies as 
the verſed ſine of the moon's elongation from the ſun, 
very nearly; and the circle terminating the light and 
dark part being ſeen obliquely appears an ellipſe; 
hence, the following delineation of the phaſes Let E 


| g 61 
be the earth, & the ſun, M the moon; deſcribe the circle 
a bed, repreſenting the hemiſphere of the moon which 
.- 15 towards the earth, projected upon the plane in viſion; 
ac, db two diameters perpendicular to each other; 


take dv=the verſed fine of elongation SEM, and 
Vol. IV. | | i | deſcribe 


— SA ew $6. 
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deſeribe the ellipſe ave,” and (Art. 195) 'adcva 

will repreſent the viſible enlightened part; which will 
be horned between conjunction and quadratures, a 

ſemicirele at quadratures, and gibbous between quadra- 
tures and oppoſition, the verſed ſine being leſs than 
fadius in the firſt caſe, equal to it in the ſecond, and 
greater in the third. The viſible enlightened part 
varying as dv, we have, the vifible enlightened art: 
t ; verſed fine of elongation : diameter. 


On the * of the Moon 


21 9. Many 1 bare given maps of the 
face of the moon; but the moſt celebrated are thoſe 


of HxVvxLIUs in his Seleuograplia, in which he has 
repreſented the appearance of the moon in it's different 


Rates from the new to the full, and from the full to 


the new; theſe figures MAyzz prefers. Laxcrtxvs 
and RiccioLvs denoted the ſpots upon the ſurface 
by the names of philoſophers, mathematicians, and 
other celebrated men, giving the names of the moſt 
celebrated characters to the largeſt ſpots; HEVELTus 
marked them with the geographical names of places 
upon the earth. The former diſtinction is now gene- 
rally followed. 

The ſpots upon the moon are cauſed by the moun- 
tains and vallies upon it's ſurface ; for certain parts are 
found to project ſhadows oppoſite to the ſun; and 


when the ſun becomes vertical to any of them, they are 


obſerved to have no madow ; theſe therefore are moun- 


' tains other parts are always dark on that fide next to 


the ſun, and illuminated on the oppoſite fide ; theſe 


therefore are cavities.” - Hanes. the appearance of the 
— face 


* ; 7 Yo 
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face of the moon continually varies, from it's altering 
it's fituation in reſpe& to the fun. The tops of the 
mountains, on the dark part of the moon, are frequently 
ſeen enlightened at a diſtance from the confines of the 
illuminated part. The dark parts have, by fome, 
been thought to be ſeas; and by others, to be only a 
great number of caverns and pits, the dark ſides of 
which, next to the ſun, would cauſe thoſe places to 
appear darker than others. The great irregularity of 
the line bounding the light and dark part,' on every 
part of the ſurface, proves that there can be no. very 
large tracts of water, as ſuch a regular ſurface would 
neceſſarily produce a line, terminating the bright part, 
perfectly free from all irregularity, If there was much 
water upon it's ſurface, and an atmoſphere, as conjec- 
tured by ſome Aſtronomers, the clouds and vapours 
might eafily be diſcovered by the teleſcopes which 
we have now in uſe; but no ſuch F have 
ever been obſerved. 
220. Very nearly the ſame face of the moon is 
always turned towards the earth, it being ſubject only 
to a ſmall change within certain limits, thoſe ſpots 
which lie near to the edge appearing and difappearing 
by turns; this is called it's Libration, and ariſes from 
four cauſes. 1. GALILEO, who firſt obſerved the 
ſpots of the moon after the invention of teleſcopes, 
diſcovered this circumſtance; he perceived a ſmall 
daily variation ariſing from the motion of the ſpectator 
about the center of the earth, which, from the riſing 
to the ſetting of the moon, would cauſe a little of the 
weſtern limb of the moon to diſappear, and bring into 
view a little of the eaſtern limb; this is called the 
diurnal libration. 2, He obſerved likewiſe, that the 
T3. north 


164 ON THE LIBRATION OF TRE MOON. 


north'and ſouth poles of the moon appeared and diſ- 
appeared by turns; this ariſes from the axis of the 
moon not being perpendicular to the plane of it's orbit, 
and is called a libration, in latitude. 3. From the 
unequal angular motion of the moon about the earth, 
and the uniform motion of the moon about it's axis, 
a little of the eaſtern and weſtern parts muſt gradually 
appear and diſappear by turns, the period of which is 


a month, and this is called a libration in Jongitude ; the 


cauſe of this libration was firſt aſſigned by RicciolLus, 


but he aſterwards gave it up, as he made many obſer- 


vations which this ſuppoſition would not ſatisfy. 


| Hsyz1t1vs however found that it would ſolve all the 
phænomena of this libration. 4. Another cauſe of 


libration ariſes from the attraction of the earth upon 


the moon, in conſequence of it's ſpheroidical figure. 


"221. If the angular velocity of the moon about it's 


axis were equal to it's angular motion about the earth, 


the libration in /ongitude would not take place. For 


if E be the earth, abed the moon at * and w, and a ve 
be perpendicular to Eh; then abc is that hemiſ- 
phere of the moon at v next to the earth. When the 


moon comes to wv, if it did not revolve about it's axis, 


"oe would be parallel to "ou, and the ſame face 
| would 
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would not lie towards the earth. But if the moon, by 
revolving about it's axis in the direction abcd, had 
brought 5 into the line Eb, the fame face would have 
been towards the earth; and the moon would have 
revolved about it's axis through the angle E, which 
is equal to the alternate angle ww Ee, the angle which 
the moon has deſcribed about the earth. 

* 222. When the moon returns to the ſame point of 
it's orbit, the ſame face is obſerved to lie towards the 
earth, and therefore (Art. 22 1) the time of the revo- 
lution in it's orbit is equal to the time about it's axis. 
But in the intermediate points it varies, ſometimes a 
little more to the eaſt, and ſometimes to the weſt, 
becomes viſible; and this ariſes from it's unequal 
angular motion about the earth whilſt the 
angular motion about it's axis is ſo. Hence, the 
libration in /ongitude is nearly equal to the equation of 
the orbit, or about 7 at it's maximum, and would - 
be accurately ſo, if the axis of the moon were perpen- 
dicular to it's orbit. The ſame face will be towards 
the earth in apogee and perigee, for at thoſe points 
there is no equation of the orbit. If E be the earth, 


2 
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M the moon, pq it's axis, not perpendicular to the 
plane of the orbit 45; then at @ the pole p will be = 
viſible to the earth, and at & the pole q will be viſible; I 

as the moon therefore revolves about the earth, the 1 

poles muſt appear and diſappear by turns, caufing the 

libration in /atitude, This is exactly ſimilar to the 
L 3 Fr cauſe 
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cauſe of the variety of our ſeaſons, from the earth's 

axis not being perpendicular to the plane of it's orbit. 
Hence, nearly one half of the moon is never vifible at 
the earth. Alſo, the time of it's rotation about it's 
axis being a month, the length of the lunar days and 


nights will be about a fortnight each, they being ſub- 


ject but to a very ſmall change, on account of the axis 


of the moon being nearly perpendicular to the ecliptic. 


223. HEvEL1vs {Selenographia, pag. 245.) obſerved, 
that when the moon was at it's. greateſt north latitude, 
the libration in latitude was the greateſt, the ſpots 
which are ſituated near the northern limb being then 
neareſt to it; and as the moon departed from thence, 
the ſpots receded from that limb, and when the moon 


came to it's greateſt ſouth latitude, the ſpots ſituated 


near the ſouthern limb were then neareſt to it. This 
variation he found to be about 1'. 45”, the diameter 


ol the moon being 3o'. Hence it follows, that when 
the moon is at it's greateft latitude, a plane drawn 


through the earth and moon perpendicular to the plane 
of the moon's orbit, paſſes through the axis of the 
moon; conſequently the equator of the moon muſt 
interſect the ecliptic in a line parallel to the line of the 
nodes of the moon's orbit, and therefore, in the Hea- 
vens, the nodes of the moon's orbit and of it's equator 
coincide. 

224. It is a very 1 circumſtance, that 
the time of the moon's revolution about it's axis ſhould 
be equal to that in it's orbit. Sir I. NRW TON, from 
the altitude of the tides on the earth, has computed 
that the altitude of the tides on the moon's ſurface 
muſt be 93 feet, and therefore the diameter of the 
moon perpendicular to a line drawn from the earth to 
the 
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the moon, ought to be leſs than the diameter directed 
to the earth, by 186 feet ; hence, fays he, the ſame face 
muſt always be towards the earth, except a ſmall 
oſcillation ; for if the longeſt diameter ſhould get a 


little out of that direction, it would be brought into 


it again, by the attraction of the earth. The ſuppo- 
ſition of D. de Mat an is, that that hemiſphere of the 
moon next the earth 1s more denſe than the oppoſite 
one, and hence, the ſame face would be kept towards 
the earth, upon the ſame principle as above. 

225. When the moon is about three days from the 
new, the dark part is very viſible, by the light reflected 
from the earth, which is moon light to the Lunarians, 
conſidering our earth as a moon to them; and in the 
moſt favourable ſtate, ſome of the principal ſpots may 
then be ſeen. But when the moon gets into quadra- 
tures, it's great light prevents the dark part from being 
' viſible. According to Dr. Sm1Tn, the ſtrength of 
moon light, at the full moon, is 90 thouſand times 
leſs than the light of the fun ; but from ſome experi- 
ments of M. BovcuzR, he concluded it to be 300 
thouſand times leſs. The light of the moon, con- 
denſed by the beſt mirrors, produces no ſenſible effect 
upon the thermometer. Our earth, in the courſe of a 
month, ſhows the ſame phaſes to the Lunarians, as'the 
moon does to us; the earth 1s at the full at the time 
of the new moon, and at the new at the time of the 
full moon. The ſurface of the earth being about 13 
times greater than that of the moon, it affords 13 times 
more light to the moon than the moon does to the 


earth. 
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236. The method uſed by HevzL1vs, and others 
ſinge his time, to determine the height, of lunar 


Ll 


mountain is this. Let SLM be a ray of light from 


7 


| the "yl paſſing by the moon at L, and touching the 


top of the mountain at M, then the ſpace between L 


and M appears dark. With a micrometer, meaſure 
Lu, and compare it with LC; then knowing LC, we 


know LM, and by Euc. B. 1. P. 47. CM=. 
A LM is known; from which ſubtract Cp, and 
we get the height p M of the mountain. But as Dr. 


HxRSSREL obſerves in the Phil. Tranſ. 1781, this me- 


thod is only applicable when the moon is in quadratures ; 


be has therefore given the following general method. 


Let E be the earth, draw E Mn, and Lo perpendicular 
to the moon's radius RC, and Lr parallel to on, alſo 
ME perpendicular to SM. Now ML would meaſure 


2t's full length when ſeen from the earth in quadratures 


at E, but ſeen from E, it only meaſures the length of 


5 Ly. As the plane paſſing through SM, EM, is per- 


N pendicular to a line Joining the cuſps, the circle R Lp 


may 


— 
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may be conceived to be a ſection of the moon perpen- 
dicular to that line. Now it is manifeſt, that the 


7 


angle S Lo or LCR, is very nearly equal to the elon- 
gation of the moon from the ſun; and the triangles 
Lr M, LCo being ſimilar, Lo: LC :: Lr: LM= 
LCN Lr Lr 

Lo fine of elongation 
Hence, we find Mp as before. 


F | radius being unity. 


Ex. On June 1780, at 7 o'clock, Dr. HERSCREL 
found the angle under which LM, or Lr, appeared, to 
be 40”,625, for a mountain in the ſouth eaſt quadrant; 
and the ſun's diſtance from the moon was 125*. 8, 
whoſe fine 1s ,8104; hence, 40“, 625 divided by, 8 104 
gives 50",13, the angle under which LM would 
appear, if ſeen directly. Now the ſemidiameter of the 
moon was 16'. 2”,6, and taking it's length to be 1090 
miles, we have, 160. 2% 6: 5o”,13 : 1090: LM 
56,73 miles; hence, Mp 1, 47 miles. 


227. Dr. HERSscRHEL found the height of a great 
many more mountains, and thinks he has good reaſon 
to believe, that their altitudes are greatly overrated; 

and 
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id that, a few excepted, they generally do not exceed 
half a mile. He obſerves, that it ſhould be examined 
whether the mountain ſtands upon level ground, which 
is neceffary that the meaſurement may be exact. A 
low tract of ground between the mountain and the ſun 
will give it higher, and elevated places between will 
make it lower, than it's true height above the common 
| furface of the moon. 

228. On April 19, 1787, Dr. HERScRHEL diſcovered 

three volcanos in the dark part of the moon ; two of 
them ſeemed to be almoſt extinct, but the third ſhowed 
an actual eruption of fire, or luminous matter, re- 
ſembling a ſmall piece of burning charcoal covered by 

a very thin coat of white aſhes; it had a degree of 
brightneſs about as ſtrong as that with which ſuch a 
coal would be ſeen to glow in faint day-light. The 
adjacent parts of the volcanic mountain ſeemed faintly 
illuminated by the irruption. A ſimilar irruption 
appeared on May 4, 1783. Phil. Tranſ. 1787. On 
March 7, 1794, a few minutes before 8 o'clock in the 
evening Mr. WIIEkIxS of Norwich, an eminent 
Architect, obſerved, with the naked eye, a very bright 
ſpot upon the dark part of the moon; it was there 
when he firſt looked at the moon; the whole time he 
ſaw it, it was a fixed, ſteady light, except the moment 
before it diſappeared, when it's brightneſs increaſed ; 
he conjectures that he ſaw it about 5 minutes. The 
fame phenomenon was obſerved by Mr. T. SrxETTox, 
in St. John's Square, Clerkenwell, London. P34il. 
Tranſ. 1794. On April 13, 1793, and on February 5, 
1994, M. P1azzr, Aſtronomer Royal at Palermo, 
obſerved a bright ſpot upon the dark part of the moon, 
near Ariſtarchus. Several other Aſtronomers have 

obſerved 
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obſerved the ſame phenomenon. See the Memoirs de 
Berlin, for 1788. 

229. It has been a doubt 8 Aſtronomers, 
whether the moon has any atmoſphere; ſome ſuſpect- 
ing that at an occultation of a fixed ſtar by the moon, 
the ſtar. did not vaniſh inſtantly, but loſt it's light 
gradually; whilſt others could never obſerve any ſuch 
appearance. M. SchRoETAR of Lilianthan, in the 
dutchy of Bremen, has endeavoured to eſtabliſh the 
exiſtence of an atmoſphere, from the following obſer- 
vations. 1. He obſerved the moon when two days 
and an half old, in the evening ſoon after ſun ſet, 
before the dark part was viſible; and continued to 


obſerve it till it became viſible. The two cuſps ap- 


peared tapering in a very ſharp, faint, prolongation, 
each exhibiting it's fartheſt extremity faintly illuminated 
by the ſolar rays, before any part of the dark hemiſ- 
phere was viſible, Soon after, the whole dark limb 
appeared illuminated. This prolongation of the cuſps 
beyond the ſemicircle, he thinks muſt ariſe from the 
refraction of the ſun's rays by the moon's atmoſphere. 
He computes alſo the height of the atmoſphere, which 
refracts light enough into it's dark hemiſphere to pro- 
duce a twilight, more luminous than the light reflected 
from the earth when the moon is about 32 from the 
new, to be 1356 Paris feet; and that the greateſt 
height capable of refracting the ſolar rays is 5376 feet. 
2. At an occultation of Jupiter's ſatellites, the third 
diſappeared, after having been about 1” or 2” of time 
indiſtinct; the fourth became indiſcernible near the 
limb; this was not obſerved of the other two. Phil. 
Tranſ. 1792. If there be no atmoſphere of the moon, 
the Heavens, to a Lunarian, muſt + aloe appear dark 
like 
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like night; and the ſtars be conſtantly viſible ; for it 
is owing to the reflection and refraction of the ſun's 
light by the atmoſphere, that the. — in r 


Ru appear bright 1 in the 170 
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- 230. The full moon which happens at, or neareſt 
to, the autumnal equinox, is called tlie Harvef moon; 
and at that time, there is 4 ſeſs difference between the 
times of it's riſing on two ſucceſſive nights, than at 
any other full moon in the year; and what we here 
. Propoſe, is to account for this phænomenon. ö 

231. Let P be the north pole of the equator 24 U, 
HAO the horizon, EAC the ecliptic, A the firſt point 


of Aries; then, in 07th latitudes, A is the aſcending 
node of the ecliptic upon the equator, AC being the 
order of the ſigns, and 4 2 that of the apparent diurnal 
motion of the heavenly bodies. When Aries riſes in 
north latitudes, the ecliptic makes the leaſt angle with 
the horizon; and as the moon's orbit makes but a 
wow wo with ecliptic, let us firſt ſuppoſe E AC to 
repreſent 
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repreſent the moon's orbit. Let A be the place of the 
moon at it's riſing on one night; now, in mean ſolar 
time, the earth makes one revolution in 234. 56“. 4”, 
and brings the ſame point 4 of the equator to the 
horizon again; but in that time, let the moon have 
moved in it's orbit from A to c, and draw the paralte! 
of declination cus; then it is manifeſt, that J'. 56" 
before the fame hour the next night, the moon, in it's 
diurnal motion, has to deſcribe c before it riſes. 
Now cn is manifeſtly the leaſt poſſible, when the angle 
C4n is the leaſt, Ac being given. Hence, it riſes 
more -nearly at the ſame hour, when it's orbit makes 
the leaſt angle with the horizon. Now at the autum- 
nal equinox, when the ſun 1s in the firſt point of Libra, 
the moon, at that time at it's full, will be at the firſt 
. point of Aries, and therefore it riſes with the leaſt 
difference of times, on two ſucceſſive nights ; ; and it 
being at the time of it's full, it is more taken notice 
of; for the ſame thing happens every month when the 
moon comes to Aries. 

232. Hitherto we have ſuppoſed the ecliptic to repre- 
ſent the moon's orbit, but as the orbit is inclined to it at 
an angle of 5*. 9“ at a mean, let x Arz * repreſent the 
the moon's orbit when the aſcending node is at A, and 
Ar the arc deſcribed in a day; then the moon's orbit 
making the leaſt poſſible angle with the horizon in chat 
poſition of the nodes, the are ru, and conſequently 
the difference of the times of rifing, will be the leaft 
poſſible. As the moon's nodes make a revolution in 
about 19 years, the leaſt poſſible difference can only 
happen once in that time. In the latitude of London 

the leaſt difference is about 17”. 
| 2 233. The 
For s between A and æ in the fig. put v. 


* 
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233. The ecliptic makes the greateſt angle with 


the horizon when the firſt Point. of Libra riſes, conſe- 
quently when the moon. is in that part of it's orbit, the 


difference of the times of it's riſing will be; the 


greateſt; and if the deſcending node of it's orbit be 


there at the ſame time, it will make the difference the WE 


greateſt poſſible; and this difference is about 14. 17 
in the latitude of London. This is the Caſe with the 
vernal full moons. "Thoſe ſigns which make the leaſt 
angle with the horizon when they riſe, make the 


greateſt angle when they ſet, and vice versa ; hence, 
when the difference of the times of riſing i is the leaſt, 


the difference of the times of ſetting is the greateſt, 
and the contrary;s 

234. By increaſing the latitude, the angle 0 and 
conſequently vn, is diminiſhed ; and when the time of 


deſcribing rn, by the diurnal ere 3'. 56”, the 
moon will then riſe at the ſame ſolar hour. Let us 
ſuppoſe the latitude to be increaſed until the r Ar 


vaniſhes, then the moon's orbit becomes - coincident 
with the horizon, every day, for a moment of time, 


and conſequently the moon riſes at the ſame ſidereal 
hour, or 3“. 56“ ſooner, by ſolar time. Now take a 


globe, and elevate the north pole to this latitude, and 


marking the moon's orbit in this poſition upon it, turn 


the globe about, and it will appear, that at the in- 
ſtant after the above coincidence, one half of the 
moon's orbit correſponding to Capricorn, Aquarius, 
Piſces, Aries, Taurus, Gemini, will riſe; hence, 
when the moon is going through that part of it's orbit, 
or for 13 or 14 days, it riſes at the ſame ſidereal hour. 


; Now taking the angle x AE= ze. 9', and the angle 


E242 23˙. 28, the age * or 24H when the 
| moon's 


Wc - 
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moon's orbit coincides with the horizon, is 285. 37"; 
hence, the latitude 2 Z is 61% 23* where theſe cir- 
cumſtances take place. If the deſcending node be at 
A, then 2Ax, or 2AH=1r8*. 197, and the latitude is 
71% 41“. In any other ſituation of the orbit, the 
latitude will be between theſe limits. When the angle 
24x is greater than the complement of latitude, the 
moon will riſe every day ſooner by fidereal time. As 
there is a complete revolution of the nodes in about 
18 years 8 months, all the varieties of the riſing and 
ſetting of the moon muſt happen within that time. 


On the' Horizontal Mogi, 


235. The phænomenon of the horizontal moon is 
this, that it appears larger in the horizon than in the 
meridian ; whereas, from it's being nearer to us in the 
latter than in the former caſe, it ſubtends a greater angle. 


GAssExN DVs thought that, as the moon was leſs bright 


in the horizon, we looked at it there with a greater 
pupil of the eye,, and therefore it appeared larger. 
But this is contrary to the principles of Optics, fince the 


image of an object upon the retina does not depend upon 


the pupil. This opinion was ſupported by a French 
Abbe, who ſuppoſed that the opening of the pupil 


made the chryſtalline humour flatter, and the eye 


longer, and thereby increaſed the image. But there is 
no connection between the muſcles of the iris and the 
other parts of the eye, to produce theſe effects. Des 
CarrTEs thought that the moon appeared largeſt in 
the horizon, becauſe, when comparing it's diſtance 
with the intermediate objects, it appeared then furtheſt 
off; and as we judge it's diſtance greateſt in that 

ſituation, 


— 
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ſituation, we of courſe think it larger, ſuppoſing that 
it ſubtends the fame” angle. This opinion was ſup- 
ported by Dr. Wars in the P4il. Tranſ. Ne. 187. 
Dr. BRK LET accounts for it thus. Faintneſs ſuggeſts 


 - the idea of greater diſtance; the moon appearing moſt 
fiaint in the horizon, ſuggeſts the idea of greater diſtance, 


and, ſuppoſing the viſual angle the ſame, that muſt 
ſuggeſt the idea of a greater tangible object. He does 
not ſuppoſe the vile extenſion to be greater, but 


that the idea of a greater tangible extenſion is ſuggeſted, 


by the alteration of the appearance of the viſible ex- 
tenſion. He ſays, 1. That which ſuggeſts the idea of 
greater magnitude, muſt be ſomething perceived; for 
what is not perceived can produce no effect. 2. It 


_ muſt be ſomething which is variable, becauſe the 


moon does not always appear of the ſame magnitude 
in the horizon. 3. It cannot lie in the intermediate 


objects, they remaining the ſame; alſo, when theſe 


objects are excluded from ſight, it makes no al- 
terat ion. 4. It cannot be the viſible magnitude, be- 
cauſe that is leaſt in the horizon; the cauſe therefore 
muſt lie in the viſible appearance, which proceeds 


from the greater paucity of rays coming to the eye, 


producing faintneſs, Mr. Rowx lx ſuppoſes, that 
the moon appears furtheſt from us in the horizon, 
becauſe the portion of the ſky which we ſee, appears 


not an entire hemiſphere, but only a portion of one; 


and in conſequence of this, we judge the moon to be 
furtheſt from us in the horizon, and therefore to be 
then largeſt. Dr. SM1TH, in his Optics, gives the 


ſamgę reaſon. He makes the apparent diſtance in the 
horizon to be to that in the zenith as 10 to 3, and 
| theretore the apparent diameters in that ratio. The 


methods 
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methods by which he eſtimated the apparent diſtances, 
may be ſeen in Vol. I. pag. 65. The ſame circum- 
ſtance alſo takes place in the ſun, whieh appears much 
larger in the horizon than in the zenith. Alſo, if we 
take two ſtars near each other in the horizon, and two 
other ſtars near the zenith at the ſame angular diſtance 
from each other, the two former will appear at a much 
greater diſtance from each other, than the two latter. 
Upon this account, people are, in general, very much 
deceived in eſtimating the altitudes of the heavenly 

bodies above the horizon, judging them to be much 
greater than they are. Dr. Squirt found, that when 
a body was about 23 above the horizon, it appeared 
to be balf way between the zenith and horizon, and 

therefore at that real altitude it would be eſtimated 
to be 45 high. The lower part of a rainbow 
alſo appears broader than the upper part. And 
this may be conſidered as an argument that the 
: phænomenon cannot depend entirely upon the greater 
degree of faintneſs in the object when in the horizon, 
becauſe the lower part of the bow frequently appears 
brighter than the upper part, at the ſame time that it 
appears broader. Alſo, this cauſe could have no effect 
upon the diſtance of the ſtars; and as the difference 
of the apparent diſtance of the two ſtars, whoſe angular 
diſtance is the ſame, in the horizon and zenith, ſeems 
to be fully ſufficient to account for the apparent varia- 
tion of the moon's diameter in theſe ſituations, it may 
be doubtful, whether the faintneſs of the object enters 
into any part of the cauſe. ; 


Vor. IV. M 


. 
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CHAP. XVIL 


ON THE ROTATION OF 'THE SUN, AND PLANETS. 


Art. 236. T* times of rotation of the ſun, 

and planets, and the poſition of their 
axes, are determined from the {pots which are obſerved 
upon their ſurfaces. The poſition of the ſame ſpot, ob- 
ſervedat three different times, will give the poſition of the 
axis; for three points of any ſmall circle will determine 


it's ſituation, and hence we know the axis of the ſphere 
which is perpendicular to it. The time of rotation 


may be found, either from obſerving the arc of the 


ſmall circle deſcribed by a ſpot in any time, or by 


obſerving the return of a ſpot to the lame poſition in 


reſpect to the earth. 


On the Rotation of the Sun. 


237. It is doubtful by whom the ſpots on the fun 
were firſt diſcovered. ScHkIN ER, Profeſſor of Mathe- 
matics in Ingolſtadt, obſerved them in May, 1611, 
and publiſhed an account of them in 1612, in a work 
entitled; Roſa unn. GALILE0, in the Preface to a 
Work entitled, Moria, Dimoſtrazioni, intorno alle Macchie 
Solari, Roma 1613, ſays, that being at Rome in April 
1611, he then ſhowed the * of the ſun to ſeveral 
1 
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perſons, and that he had ſpoken of them, ſome months 
before, to his friends at Florence; He imagined 
them to adhere to the fun. KEILER, in his Ephe- 
meris, ſays, that they were obſerved by the ſon of 
Davip- Fasrrervs, who publiſhed an account of 
them in 1611. In the Papers of HARRTOT, not yet 
printed, it is ſaid, that ſpots upon the ſun were ob- 
ſerved on December 8, 1610. As teleſcopes were in 
uſe at that time, it is probable that each might make 
the diſcovery. Admitting theſe ſpots to adhere to the 
ſun's body, the reaſons for which we'ſhall afterwards 
give, we proceed to ſhow, how he | time of it's 
rotation may be found. 

238. M. Cass IN determined the time Fe rotation, 
from obſerving the time in which a ſpot returns to the 
{ime ſituation upon the diſc, or to the citcle of latitude 
paſſing through the earth. Let ? be that interval of 
time; and let „ be equal to the rue motion of the 
earth in that time, and » equal to it's mean motion; 
then 360% +m : 360 :: : the time of return if the 
motion had been uniform, and this, from a great 
number of obſervations he determines to be 27d. 120. 
20“; now the mean motion of the earth in that time 
is 47. . 8“ hence, 360 ＋ 27. J. 8” : 360˙ f: 2. 
12h, 20 254. 14h. 8 the time of rotation. Elem. 
de Aſtron. pag. 104: | 

239. When the earth is in the nodes of the ſun's 
equator, it being then in it's plane, the ſpots appear 
to 'deſcribe ſtraight lines; this happens about the be- 
ginning of June and December. As the earth recedes 
from the nodes, the path of a ſpot grows more and 
more elliptical, till the earth gets 90 from the nodes, 

77 which 
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which happens about the beginning of September and 
March, at which time the ellipſe has it's minor axis 
the greateſt, and is then to the major axis, as the ſine 
of the inclination of the ſolar equator to radius. 
240. There has been a great difference of opinions 
reſpecting the nature of the ſolar ſpots. ScHEINER 
ſuppoſed them to be ſolid bodies revolving about the 
ſun, very near to it; but as they are as long viſible as 
they are inviſible, this cannot be the cafe. Moreover, 
we have a phyſical argument againſt this hypotheſis, 
which is, that moſt of them do not revolve about the 
ſun in a plane paſſing through it's center, which they 
neceſſarily muſt, if they revolved, like the planets, 
about the ſun. GALILEO confuted SCHEINER'S 
opinian, by obſerving that the ſpots were not perma- 
nent; that they varied their figure; that they increaſed, 
and ſometimes diſappeared. He compared them to 
ſmoak and clouds. HEVELIVs appears to have been 
of the ſame opinion; for in his Cometographta, page 360; 
ſpeaking of the ſolar ſpots, he ſays, hc materia nunc ea 
ipſa eff evaporatio et exhalatio (quia aliunde minime oriri 
poteſt / quæ ex. ipſo corpore ſolis, ut ſupra_oftenſum oft, 
expiratur et exhalatur. But the permanency of moſt of 
the ſpots, is an argument againſt this hypotheſis. -M. 
de la HRE ſuppoſed them to be ſolid, opaque bodies, 
which ſwim upon the liquid matter of the ſun, and 
which are ſometimes entirely immerſed. M. de la 
LANDE ſuppoſes that the ſun is an opaque body, 
covered with a liquid fire, and that the ſpots ariſe 
from the opaque parts, like rocks, which, by the al- 
ternate flux and reflux of the liquid igneous matter 
of the ſun, are ſometimes raiſed above the ſurface: 
The 


\ , 
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The ſpots are frequently dark in the middle, with an 
umbra about them; and M. de la LAxpE ſuppoſes 
that the part of the rock which ſtands above the ſur- 
face forms the dark part in the center, and thoſe parts 
which are but juſt covered by the igneous matter, form 
the umbra. Dr. W1LsoN, Profeſſor of Aſtronomy at 
Glaſgow, oppoſes this hypotheſis of M. de la Lanpe, 
by this argument. Generally ſpeaking, the umbra 
immediately contiguous to the dark central part, or 
nucleus, inſtead of being very dark, as it ought to be, 
from our ſeeing the immerſed parts of the opaque rock 
through a thin ſtratum of the igneous matter, is, on 
the contrary, very nearly of the ſame ſplendor as the 
external ſurface, and the umbra grows darker the 

further it recedes from the nucleus; tlns, it muſt be 
acknowledged, 1s a ſtrong argument againſt the hypo- 
theſis of M. de la LAN DE. Dr. Wi1Lsox further ob- 
ſerves, that M. de la LAxDE produces no optical 
arguments in ſupport of the rock ſtanding above the 
ſurface of the ſun The opinion of Dr. W1Lsoxw is, 
that the ſpots are excavations in the luminous matter 
of the ſun, the bottom of which forms the umbra, 
They who wiſh to ſee the arguments by which this 
is ſupported, muſt conſult the Pl. Tranſ. 1774 and 
1783. Dr. HALLEy conjectured that the ſpots are 
formed in the atmoſphere of the ſun, Dr. HRRScHEI 
ſuppoſes the fun to be an opaque body, and that it 
has an atmoſphere ; and if ſome of the fluids which 
enter into it's compoſition ſhould be of a ſhining bril- 
Jiancy, whilſt others are merely tranſparent, any tem- 
porary cauſe which may remove the lucid fluid will 
permit us to ſee the body of the ſun through the tranſ- 
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parent ones. See the Phil. Tranſ. 1795. Dr. Hzns- 
CHEL on April 19, 1779, law a ſpot which meaſured 
* 8",06 1 in diameter, which is equal in length to more 
than 31 thouſand miles; this was viſible to the naked 
eye. Beſides the dark ſpots upon the ſun, there are 
alſo parts of the ſun, called Faculæ, Lucili, &c. which 
are brighter than the general ſurface ; theſe always 
abound moſt in the neighbourhood of the ſpots them- 
ſelves, or where ſpots recently have been, | Moſt of 
the ſpots appear within the compaſs of a zone lying 3o* 
on each fide of the equator; but on July 5, 1780, 
M. de la Laxpe obſerved a ſpot 40% from the equator. 

Spots which have diſappeared have been obſerved to 
break out again. The ſpots appear ſo frequently, that 
Aſtronomers very ſeldom examine the ſun with their 
teleſcopes, but they ſee. ſome; ScuzinEeR ſaw 50 at 
onde. The following phanomena of the ſpots are 


2 deſcribed by SCHEINER and HEvELIvs. 


I. Every ſpot which hath a nucleus, hath alſo an 
umbra ſurrounding it. 
II. The boundary between the nucleus and umbra 
is always well defined. | 85 

III. The increaſe of a ſpot is gradual, the-breadth ; 
of the nucleus and umbra dilating at the ſame time. 5 
IV. The decreaſe of a ſpot is gradual, the breadth 
of the nucleus and umbra contracting at che ſame 

time. 
V. The exterior boundary of the umbra never con- 
ſiſts of ſharp angles, but is always curvilinear, however 
irregular the outline of the nucleus may be. 

VI. The nucleus, when on the decreaſe, 1 in many 
9 | 
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caſes changes it's figure, by the umbra encroaching 
irregularly upon it, 

VII. It often happens, by theſe encroachments, that 
the nucleus is divided into two or more nuclei. 
VIII. The nucleus vaniſhes ſooner than the umbra. 
IX. Small umbrz are frequently ſeen without nuclei, 
X. An umbra of any conſiderable ſize is ſeldom ſeen 
without a nucleus. | 

XI. When a ſpot, conſiſting of a nucleus and umbra, 
is about to diſappear, if it be not ſucceeded by a facula, 
or more fulgid appearance, the place it occupied, is, 
ſoon after, not diſtinguiſhable from any other part of 
the ſun's ſurface, 


On the Rotation of the Planets. 


241, The Georgian is at ſo great a diſtance, that 
Aſtronomers, with their beſt teleſcopes, have not been 
able to diſcover whether it has any revolution about 
it's axis. | 
, 242. Saturn was ſuſpected by Cass1In1and Faro, in 

1683, to have a revolution about it's axis; for they 
one day ſaw a bright ſtreak, which diſappeared the 
next, when another came inta yiew near the edge of 
it's diſc; theſe ſtreaks are called Belts, In 1719, 
when the ring diſappeared, Cass1n1 ſaw it's ſhadow 
upon the body of the planet, and a belt on each fide 
parallel to the ſhadow, When the ring was viſible, he 
perceived the curvature of the belts was ſuch as agreed 
with the elevation of the eye above the plane of the ring. 
He conſidered them as fimilar to our clouds floating in 
the atmoſphere; and having a curvature ſimilar to the 
exterior circumference of the ring, he concluded that 

M 4 they 
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they ought to be nearly at the ſame diſtance from the 
planet, and conſequently the atmoſphere of: Saturn 
extends to the ring. Dr. HERSREL found that the 
arrangement of thg belts always followed the direction 
of the ring; thus, as the ring opened, the belts began 
to ſhow an incuryature anſwering to it. And during 
his obſervations on June 19, 20 and 21, 1780, he ſaw 
the ſame ſpot in three different ſituations, He conjec- 
tured therefore, that Saturn revolyed about an axis 
perpendicular to the plane of it's ring, Another argu- 
ment in ſupport of this is, that the planet is an oblate 
ſpheroid, having the diameter in the direction of the 
ring to the diameter perpendicular to it, as about 11 : 
10, according to Dr. Herscner ; the meaſures were 
taken with a wire micrometer prefixed to his 20 feet 
reflector. The truth of his conjecture he has now 
verified, having determined that Saturn revolves about 
it's axis in 104. 16', o",4. Phil. Tranſ. 1994. The 
rotation is according to the order of the ſigns. 

243. Jupiter is obſerved to have belts, and alſo 
ſpots, by which the time of it's rotation can be very 
accurately aſcertained. M. Cass1nt found the time 
of rotation to be 94. 56', from a remarkable ſpot which 
he obſerved in 1665. In October 1691, he obſerved 
two bright ſpots almoſt as broad as the belts; and at 
the end of the month he ſaw two more, and found 
them to revolve in 94. 51'; he alſo obſerved ſome 
ather ſpots near Jupiter's equator, which revolved in 
94. 50';.and, in general, he found that the nearer the 
{pots were to the equatcr, the quicker they revolved. 
It is probable therefore that the ſpots are not upon 
Jupiter's furface, but in it's atmoſphere ; and for this 
reaſon alſo, that ſeveral {pots which appeared round at 


firſt, 
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firſt, grew oblong by degrees in a direction parallel to 
the belts, and divided themſelves into two or three 
ſpots. M. MarALD1, from a great many obſerva- 
tions of the ſpot obſerved by CAss INI in 1665, found 
the time of rotation to be 94. 56'; and concluded that 
the ſpots had a dependence upon the contiguous belt, 
as the ſpot had never appeared without the belt, though 
the belt had without the ſpot. It continued to appear 
and diſappear till 1694, and was not ſeen any more 
till 1708; hence he concluded, that the ſpot was 
ſome effuſion from the belt upon a fixed place of 
Jupiter's body, for it always appeared in the ſame 
place. Dr. HERscHEL found the time of rotation of 
different ſpots to vary; and that the time of revolution 
of the ſame ſpot diminiſhed ; for the ſpot obſerved in 
1778 revolved as follows. From February 25 to 
March 2, in 94. 55. 20”; from March 2 to the 14th, 
in 94.-54'. 58”; from April 7 to the 12th, in 94. 51". 
35”. Alfo, from a ſpot obſerved in 1779, it's rotation 
was, from April 14 to the 19th, in 94. 51'. 45”; from 
April 19 to the 23d, in 94. 500. 48“. This, he ob- 
ſerves, is agreeable to the theory of equinoctial winds, 
as it may be ſome time before the {pot can acquire the 
velocity of the wind; and if Jupiter's ſpots ſhould be ob- 
ſerved in different parts of it's revolution to be accelerated 
andretarded, it would amount almoſt to a demonſtration 
of it's monſoons, and their periodical changes. M. 
ScHROETER makes the time of rotation 9h. 55. 366; 
he obſerved the fame variations as Dr. HERRSCREL. 
The rotation is according to the order of the ſigns. 
This planet is obſerved to be flat at it's poles. Dr. 
Pouxp meaſured the polar and equatorial diameters, 
and found them as 12 : 13. Mr. Sort made them 
a5 
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as 13: 14. Dr. BRADLEY made them as 12,5 : 13,5, 
Sir I. NEwrox makes the ratio 93: 10+ by theory. 
The belts of Jupiter. are generally parallel to it's equa- 
tor, which is very nearly parallel to the ecliptic; they 
are ſubject to great variations, both in reſpect to their 
number and figure; ſometimes eight have been ſeen 
at once, and at other times only one; ſometimes they 
continue for three months without any variation, and 
ſometimes a new belt has been formed in an hour or 
two. From their being ſubject to ſuch changes, it is 
very probable, that they do not adhere to the body of 
Jupiter, but exiſt in it's atmoſphere. 

244. GALILEO diſcovered the phaſes of Mars; after 
which, ſome Italians, in 1636, had an imperfe& view 
of a ſpot. But in 1666, Dr. Hook and M. CAssIxI 
diſcovered ſome well defined ſpots; and the latter 
determined the time of the rotation to be 244. 400. 
Soon after, M. MARALTDI obſerved ſome ſpots, and 
determined the time of rotation to 24/4. 39'. He alſo 
obſerved a very bright part near the ſouthern pole, 
appearing like a polar zone; this, he ſays, has been 
obſerved for 60 years; it is not of equal brightneſs, 
more than half of it being brighter than the reſt ; and 
that part which is leaſt bright, is ſubject to great 
changes, and ſometimes diſappears. Something like 
this has been ſeen about the north pole. The rotation 
is according to the order of the ſigns. Dr. HERs- 
CHEL makes the time of a ſidereal revolution to be 
24. 39. 21,6), without the probability of a greater 
error than 2,34. He propoſes to find the time of a 
ſidereal revolution, in order to diſcover, by future 
obſervations, whether there. 4s any alteration in the 
time of the revolution of the earth, or of the planets, 
8 | | 0 
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about their axes ; for a change of either would thus be 
diſcovered. He. choſe Mars, becauſe it's ſpots are 
permanent. See the Phy. Tranſ. 1781. From fur- 
ther obſervations upon Mars, which, he publiſhed in 
Phil. Tranſ. 1784, he makes it's axis to be inclined to 
the ecliptic 597. 42 and 61*. 18“ to it's orbit; and 
the north pole to be directed to 14%. 47' of Piſces upon 
the ecliptic, and 199. 28“ on it's orbit. He makes the 
ratio of the diameters of Mars to be as 16 : 15. Dr. 
MASKELYNE has carefully obſerved Mars at the time 
of oppoſition, but could not perceive any difference in 
it's diameters. Dr. HERScEL obſerves, . {at Mars 

has a conſiderable atmoſphere. 
2245. GALIIL Eo firſt diſcovered the phases of Venus 
in 1611, and ſent the diſcovery to WILLIAM de' 
Mzevpic1, to communicate it to KEPLER. He ſent 
it in this cyper, Hac immature @ me fruſtra leguntur, 
0, Y, which put in order, is, Cynthie figuras æmulatur 
mater amorum, that is, Venus emulates the Phaſes of the 
moon. He afterwards wrote a letter to him, giving an 
account of the diſcovery, and explaining the cypher. 
In 1666, M. C Ass INI, at a time when Venus was 
dichotomiſed, diſcovered a bright ſpot upon it at the 
ſtraight edge, like ſome of the bright ſpots upon the 
moon's ſurface ; and by obſerving it's motion, which 
was upon the edge, he found the ſidereal time of 
rotation to be 23h. 16'. In the year 1726, BIANcHINI 
made ſome obſervations upon the ſpots of Venus, and 
aſſerted the time of rotation to be 24: days; that the 
north pole anſwered to the 20 degree of Aquarius, and 
was elevated from 1 5 to 20 above it's orbit; and that 
the axis continued parallel to itſelf. The ſmall angle 
which the axis of Venus makes with it's orbit, is a 
ſingular 
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fingular circumſtance ; and muſt cauſe a very great 
variety in the ſeaſons. M. Cass1nt, the Son, has 
vindicated his Father, and ſhown, from Braxcarni's 
obſervations being interrupted, that he might eaſily 
miſtake different ſpots for the ſame ; and he concludes, 
that if we ſuppoſe the periodic time to be 234. 200, it 
agrees equally with their obſervations ; but if we take 
it 24: days, it will not at all agree with his Father's 
_ obſervations. M. ScnrorgTER has endeavoured to 
. ſhow that Venus has an atmoſphere, from obſerving 
that the illuminated limb, when horned, exceeds a 
- ſemicircle; this he fuppoſes to ariſe from the refraction 
of the ſun's rays through the atmoſphere of Venus at 
the cuſps, by which they appear prolonged. The 
cuſps appeared fometimes to run 15*. 19“ into the 
dark hemiſphere; from which he computes that the 
| Height of the atmoſphere to refract ſuch a quantity of 

light muſt be 151 56 Paris feet. But this muſt depend 
on the nature and denſity of the atmoſphere, of which 
we are ignorant. Phil. Tranſ. 1792. He makes the 
rime of rotation to be 234. 21', and concludes, from 
his obſervations, that there are conſiderable mountains 
upon this planet. Pil. Tranſ. 1795. Dr. HERScRHEIL 
agrees with M. SCHROETER, that Venus has a con- 
ſiderable atmoſphere; but he has not made any obſer- 
vations, by which he can determine, either the time of 
rotation, or the poſition of the axis. Phil. Tranſ. 1793. 

246. The phaſes of Mercury are eaſily diſtinguiſhed 
to be like thoſe of Venus; but no ſpots have yet been 
diſcovered, by which we can aſcertain whether it has 
any rotation. 

247. The fifth ſatellite of Saturn was obſerved by M. 
' Cas$1N1 for ſeveral years as it went through the eaſtern 


part 
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part of it's orbit to appear leſs and leſs, till it became in- 
viſible; and in the weſtern part to increaſe again. Theſe 
phænomena can hardly be accounted for, but by ſup- 
poſing ſome parts of the ſurfaces to be incapable of re- 
flecting light, and therefore when ſuch parts are turned 
towards the earth, they appear to grow leſs, or to diſap- 
pear. As the ſame appearances returned again when 
the ſatellite came to the ſame part of it's orbit, it affords 
an argument that the time of the rotation about it's 
axis is equal to the time of it's revolution about it's 
primaty, a circumſtance ſimilar to the caſe of the moon 
and earth. See Dr. HERSscHET's account of this in the 
Phil. Tranſ. 1792. The appearance of this ſatellite of 
Saturn is not always the ſame, and therefore it is pro- 
bable that the dark parts are not permanent. Dr. 
HERScRHEL has diſcovered that all the ſatellites of 
Jupiter have a rotatory motion, about their axes, of the 
fame duration with their periodic times about their 
primary. Phil. Tranſ. 1797. | 
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8 O0 January. B, 1610, Gars 11.20 dil. 
covered the four fatellizes. of Jupiter, 

and called them Medicea Sidera, or Medicean Stars, in 
honour of the family of the Maprezz. his Patrons. 
This was a diſcovery; very important in it's conſe- 

quences, as it furniſhed a ready method of finding the 
longitudes of places, by means of their eclipſes; the 
eclipſes led M. Rozmzs. to the diſcoyery of the pro- 
greſſive motion of light; and hence Dr. BRApTEXT 
was enabled to ſolve an agparent motion in the fixed 
ſtars, which could not otherwiſe bam been accounted 

for. 

249. The ſatellites of Jupiter i in going * the weſt 
to the eaſt are eclipſed by the ſhadow of Jupiter, and as 
they go from caſt to weſt, they are obſerved to paſs over 
it's difc ; hence, they revolve about Jupiter, and in 

the ſame direction as Jupiter revolves about the ſun. 

I be three firſt ſatellites are always eclipſed, when they 
are in oppoſition to the ſun, and the lengths of the 
eclipſes are found to be different at different times; but 
ſometimes the fourth ſatellite paſſes through oppoſition 
with being eclipſed. Hence it appears, that the planes 

of the orbits do not coincide with the plane of Jupiter's 
ah orbit, for in that caſe, they would always paſs through 
= the center of Jupiter's ſhadow, and there would always 
= be an eclipſe, and of the ſame, or very nearly the 
| 7 - ſame 


1 
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ſame duration, at every oppoſition to the ſun. As the 
planets of the orbits which they deſcribe ſometimes 
paſs through the eye, they will then appear to deſcribe 
ſtraight lines paſſing through the center of Jupiter; 
but at all other times they will appear to deſcribe 
ellipſes, of which Jupiter is the center. 


On the Periodic Times, and Diſtances of Jupiters Satel- - 


lites. 


250. To get the mean times of their ſynodic revolu- 
tions, or of their revolutions in reſpect to the ſun, 
obſerve, when Jupiter is in oppoſition, the paſſage of 
a ſatellite over the body -· of Jupiter, and note the time 
when it appears to be exactly in conjunction with the 
center of Jupiter, and that will be the time of con- 
junction with the ſun. After a conſiderable interval 
of time, repeat the ſame obſervation, Jupiter being in 
oppoſition, and divide the interval of time by the 
number of conjunctions with the ſun in that interval, 
and you get time of a Hnodic revolution of the ſatellite. 
This is the revolution which we have occaſion princi- 
pally to conſider, it being that on which the eclipſes 
depend. But owing to the equation of Jupiter's orbit, 
this will not give the mean time of a {ynodicrevolution, 
unleſs Jupiter was at the ſame point of it's orbit at 
both 6bſervations ; otherwiſe, ue muſt proceed thus. 

251. Let AIR be the orbit of Jupiter, 5 the ſun 
in one focus, and F the other focus; and as the excen- 
tricity of the orbit is ſmall, the motion about F may 
be conſidered (Art. 169) as uniform. Let Jupiter 
be in it's aphelion at A in"oppoſition to the earth at 7; 
and L a — in conjunction; and let I be the place 
| of 


1 
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of. Jupiter at it's next oppoſition with the earth at D, | 
and the Jools; in Le at E. Then x the 


* 4+ 


"EEE 


dale hed. hw. at 0 . 
junction with F, or in mean conjunction; therefore it 
mmmuſt deſcribe the angle FIS before it comes to the mean 
1 conjunction, which angle is (Art. 169) the equation of 
{ the orbit, according to the imple elliptic hypotheſis, which 
3 may be here uſed, as the excentricity of the orbit is 
1 but ſmall; the angle FIS therefore meaſures the dif- 
| | ference: between the mean Hnodit revolutions in reſpect 
| to F, and the ſynodic revolutions in reſpect to the ſun S. 

WE I therefore » be the number of revolutions which the 
I ſatellite. has made in reſpect to the ſn, » * 360% — SIF 
N =the revolutions in reſpect to J; hence, » X 360* — 


A MT: 060 : :: the time between the two oppoſitions: 
= the time of a mean ſynodic revolution about the ſun. 
8 252. As 
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252. As the ſatellite is at O at the mean conjunc- 


tion, and at & when in conjunction with the ſun, it ig 
manifeſt, that if the angle FIS continued the ſame, 


the time of a revolution in reſpect to d would be equal 


to the time in reſpect to F, or to the time of a mean 
ſynodic revolution; hence, the difference between the 
times of any two ſucceſſive revolutions in reſpect to S 
and F reſpectively is as the variation of the angle FIS, 
or variation of the equation of the orbit. When 
Jupiter is at A the equation vaniſhes, and the times of 
the two conjunctions at F and & coincide. When 
Jupiter comes to 1, the mean conjunction at O happens 
after the true conjunction at &, by the time of deſcrib- 
ing the angle SIF, the equation of Jupiter's orbit. 
This is the firf inequality, and has for it's argument a 


number called 4, which is the mean anomaly of | 


Jupiter, calculated to hundredths of a degree. By this 
inequality of the intervals of the conjunctions, the 
returns of the eclipſes are affected. 
2283. But as a conjunction of the ſatellite may not 
often happen exactly at the time when Jupiter is 
in oppoſition, the time of a mean revolution may 
. be found, when he is out of oppoſition, thus. 
Let H be the earth when the ſatellite is at Z in con- 
junction with Jupiter at R; and let be another 
poſition of the earth when the ſatellite is at C in con- 


junction with Jupiter at I; and produce RH, IV to 
meet in M; then the motion of Jupiter about the 


earth, in this interval, is the ſame as if the earth had 
been fixed at M. Now the difference between the 
true and mean motions of Jupiter is RFI RMI 


FIM+FRM, which ſhows how much the number of 


mean revolutions, in reſpect to F, exceeds the ſame 
Vor. IV. N number 
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number of apparent revolutions in reſpec to the earth; 
hence, # x 360 - MR F: zo :: the time 
between the obſervations: the time of a mean ſynodic 
revolution of the ſatellite. If C and Z lie on the other 


ide of O and Z, the angles MIF, MRF muſt be 


added to 2 360; and if one lie on one fide and the 
other on the other, one muſt be added and the other 
ſubtracted, according to the circumſtances. 

254. As it is difficult, from the great brightneſs of 
Jupiter, to determine accurately the time when the 


ſatellite is in conjunction with the center of Jupiter as 


it paſſes over it's diſc, the time of conjunction is de- 


| termined by obſerving it's entrance upon the diſc, and 


it's going off; but as this cannot be determined with 
ſo much accuracy as: the times of immerſion into the 
ſhadow of Jupiter, and emerſion from it, the time of 
conjunction can be moſt accurately determined from 
the eclipſes. 

255. Let I be the center of Jupiter's finer FG, 
N mt the orbit of a ſatellite, N the node of the ſatellites 


orbit upon the orbit of Jupiter; draw Iv perpendicular 
to IN, and Ic to Nt; and when the ſatellite comes to v 
it is in conjunction“ with the ſun. Now both the 


immerſion 


| A Satellite is Gd tobe in conjunAtion, both when it is between 
the Sun and Jupiter, and when it is oppoſite to the Sun; the latter 
may be called S»perior, and the former Inferior. 
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immerſion at m and emerſion at ? of the ſecond, third, 
and fourth fatellites may ſometimes be obſerved, the 
middle point of time between which gives the time 
of the middle of the eclipſe at c, and by calculating 
cv, from knowing the angle N and NI, we get the 
time of conjunction at v. If both the immerſion and 
emerſion cannot be obſerved, take. the time of either, 
and after a very long interval of time, when an eclipſe 
happens as nearly as poſſible in the ſame fituation in 
reſpect to the node, take the time of the fame phæno- 
menon, and from the interval of theſe times you will 
get the time of a revolution. By theſe different 
methods, M. Cass1n1i found the times of the mean 
ſynodic revolutions of the four ſatellites to be as follows; 


3 1 


_— — 


| Firſt | Second | Thind '| Fourth | 


— —— 


— 


14. 18d, 28. 36” 


** * 


go. 13>, 17. 54 as, 35. 59. 360 164. 185. 5. 7 


256. Hence it appears, that 247 revolutions of the 
firſt ſatellite are performed in 437d. 34. 44 123 revo- 
lutions of the ſecond, in 437d. 34. 417; 61 revolutions 
of the third, in 437d. 34. 35, and 26 revolutions of 
the fourth, in 435d. 14/4. 13. Therefore after an 
interval of 437 days, the three firſt ſatellites return to 
their relative fituations within nine minutes. 

257. In the return of the ſatellites to their mean 
conjunction, they deſcribe a revolution in their orbits, 
together with the mean angle & deſcribed by Jupiter 
In that time; therefore to get the periodic time of each, 


we muſt ſay, 360*+4* : 360 ; time of a ſynodic 
| N 2 revolution : 
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- revolution : the time of a periodic revolution; HenChs 
the . times of each are; | 


| Firſt | Second Kik "Third | Fourth 


— — —_—— 


| 18), 27 r. 13". 13'. 42 22 4 420 —— 16), 33“. 8 


2238. The diſtances of al fitelltes from the center 
of Jupiter may be found at the time of their greateſt 
elongations, by meaſuring, with a micrometer, at that 
time, their diſtances from the center of Jupiter, and 
alſo the diameter of Jupiter, by which you get their 
diſtances in terms of the diameter. Or it may be 
done thus. When a ſatellite paſſes over the middle of 
the diſc of Jupiter, obſerve the whole time of it's paſ- 
ſage, and then, the time of a revolution : the'time of 
it's paſſage over the diſc :: 360* : : the arc of it's orbit 
correſponding to the time of it's paſſage over the diſc; 
hence, the ſine of half that arc: radius :: the ſemi- 
diameter of Jupiter: the diſtance of the ſatellite. 
Thus M. Cass1x1 determined their diſtances in terms 
of the ſemidiameter of Jupiter to be, of the fir 5,67, | 
of the ſecond 9, of the third 14,38, and of the 
fourth 25,3. 
259. Or, having determined the periodic times and 
the diſtance of one ſatellite, the diſtances of the other 
may be found from the proportion of the ſquares of the 
periodic times being as the cubes of their diſtances. 
Mr. Pound, with a teleſcope 1 5 feet long, found, at 
the mean diſtance of Jupiter from the earth, the greateſt 
diſtance of the fourth ſatellite to be 8'. 16”; and by a 
— 123 feet long, he found the greateſt diſtance 
of 
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of the /hird to be 4'. 42” ; hence, the greateſt diſtance 
of the ſecond appears to be 2. 56”. 47”, and of the firf 
I'. 51”, 6“. Now the diameter of Jupiter, at it's 
mean diſtance, was determined, by Sir I. NEwTox, 
to be 37 4; hence, the diſtances of the ſatellites, in 
terms of the ſemidiameter of Jupiter, come out 5,965; 
9,494; 15,141, and 26,63 reſpectively. Prin. Math. 
Lib. ter. Phen. 
28560. Hence, by knowing the greateſt elongations of 
the ſatellites in minutes and ſeconds, we get their 
diſtances from the center of Jupiter compared with the 


mean diſtance of Jupiter from the earth, by ſaying, 


the ſine of the greateſt elongation of the fatellite : 
radius :: the diſtance of the ſatellite from Jupiter: the 
mean diſtance of Jupiter from the earth. 


On the Etlipſes of Jupiter's Satellites. 


61. Let S be the ſun, EF the orbit of the earth, 
I Jupiter, abc the orbit of one of it's ſatellites. When 
the earth is at E before the oppoſition of Jupiter, the 
ſpectator will ſee the immerſion at a; but if it be the 
firſt ſatellite, upon account of 1t's nearneſs to Jupiter 
the emerſion is never viſible, the ſatellite being then 
always bchind the body of Jupiter; the other three 
ſatellites may have both their immerſions and emerſions 
viſible ; but this will depend upon the poſition of the 
earth. When the earth comes to F after oppoſition, 
we ſhall then .ſee the emerſion of the firſt, but can 
never ſee the immerſion, and may ſee both the emerſion 


and immerſion of the other three. Draw EIr; then 


ar, the diſtance of the center of the ſhadow from the 
center of Jupiter, referred to the orbit of the ſatellite, 
N 3 3 18 


{ 
i 
| 
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is meaſured at Jupiter by sr, or the angle «Ir =BIS 


the annual parallax. The ſatellite may be hidden 
behind the body at 1 without being eclipſed, which is 
called an Orcultation. When the earth is at E, the 
conjunction of the fatellite happens later at the earth 


| than at the ſun; but when the earth is at F, it 
happens ſooner. 


262. The diameter of the ſhadow of Jupiter at the 
diſtance of any of the ſatellites, is beſt found by obſerv- 
ing the time of an eclipſe when it happens at the node, 
at which time the ſatellite paſſes through the center of 
the ſhadow ; for the time of a ſynodic revolution : the 
time the ſatellite is paſſing through the center of the 
ſhadow :: 360* : the diameter of the ſhadow in degrees. 


But when the firſt and ſecond fatellites are in the 


nodes, 


A 
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nodes, the immerſion and emerſion cannot both be 


| ſeen. Aſtronomers therefore compare the immerſions 
ſome days before the oppoſition of Jupiter with the 
emerſions ſome days after, and then, knowing how 
many ſynodic revolutions have been made, they get 
the time of the tranſit through the ſhadow, and thence 
the correſponding degrees. But on account of the 
excentricity of ſome of the orbits, the time of the cen- 
tral tranſit muſt vary: for example, the ſecond ſatellite 
is ſometimes found to be 24. 50 in paſſing through 
the center of the ſhadow, and ſometimes 24. 54'; this 
indicates an excentricity. 

263. The duration of the eclipſes being very un- 
equal, ſhows that the orbits are inclined to the orbit 
of Jupiter; ſometimes the fourth fatellite paſſes 
through oppoſition without ſuffering an eclipſe. The 
duration of the eclipſes muſt depend upon the 
fituation of the nodes in reſpe& to the ſun, juſt the 
ſame as in a lunar eclipſe ; when the line of the nodes 
paſſes through the fun, the ſatellite will paſs through 
the center of the ſhadow; but as Jupiter revolves 
about the fun, the line of the nodes will be carried 
out of conjunction with the fun, and the time of the 
_ eclipſe will be ſhortened, as the ſatellite will then 
deſcribe only a chord of a ſection of the ſhadow inſtead 
of the diameter. 


On the Rotation of the Satellites of Jupiter. 


264. M. Cassin1 ſuſpected that the ſatellites had a 
rotation about their axes, as ſometimes in their paſſage 
over Jupiter's diſc they were viſible, and at other times 
not ; — therefore that they had ſpots upon 

| N 4 one 
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one ſide and not on the other, and that they were render- 
ed viſible in their paſſage when the ſpots were next to the 
earth. At different times alſo they appear of different 
magnitudes and of different brightneſs. The fourth 
appears generally the ſmalleſt, but ſometimes the 
greateſt ; and the diameter of it's ſhadow on Jupiter 
appears ſometimes greater than the ſatellite, The 
third alſo appears of a variable magnitude, and the 
like happens to the other two. Mr. Pound alfo 
obſerved that they appeared more luminous at one 
time than another, and therefore he concluded that 
they revolved about their axes. Dr. HERScRHERL has 


_ - diſcovered that they all revolve about their axes, in the 


times in which they reſpectively revolve about Jupiter. 


On the Satellites of Saturn. 


265. In the year 1655, Hure xs diſcovered the 
fourth ſatellite of Saturn; and publiſhed a Table of it's 
mean motion in 1659, In 1671, M.Cass1n1 diſcovered 

the fifth, and the third in 1672; and in 1684, the firſt 
and ſecond; and afterwards publiſhed Tables on their 
motions. He called them Sidera Lodoicea, in honour 
of Louis le GRAND, in whoſe reign, and obſervatory, 
they were diſcovered. Dr. HALLE TY found by his 
own obſervations in 1682, that Hvuyctns's Tables 
had conſiderably run out, they being about 15 in 20 
years too forward, and therefore he compoſed new 
Tables from more correct elements. He alſo reformed 
M. Cassini's Tables of the mean motions; and 
about the year 1720, publiſhed them a ſecond time, 
corrected from Mr. Pound's obſervations. He ob- 
ſerves, that the four innermoſt ſatellites deſcribe orbits 
| | very 
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very nearly in the plane of the ring, which he ſays is, 
as to ſenſe, parallel to our equator; and that the 
orbit of the fifth is a little inclined to them. The 
following Table contains the periodic times of 
the five ſatellites, and their diſtances in ſemidiame- 
ters of the ring, as determined by Mr. Pound, with 
a micrometer fitted to the teleſcope giver, by Hux- 
GENS to the Royal Society. Mr. Pound firſt meaſured 
the diſtance of the fourth, and then deduced the reſt 
from the proportion between the ſquares of the periodic. 
times and cubes of their diſtances, and theſe are found 
to agree with obſervations, 


Diſt. in | Diſt. in | Diſt. in | Diſt. at 
Satel-| Periodic Times | ſemid. of ſemid. of | ſemid. ofthe 1 
lites. | by Pound. | Ring by | Saturn by | Ring by] diſt. of 
Pound, | PounD. |CassiNn1.| Saturn. 


| I I. 21.18.27" | 2,097 4.893 144 [O.. 435 
[ 11 | 2+ 17. 41. 22 2,686 6,286 | 2+ o. 56 


— — — — 


III | 4. 12. 25. 12 3,752 8,754 NY. 


— — 


92 
— — 


IV |15. 22. 41. 12 8,698 | 20,295 8 3. © 


| 


— 


1 — — — 


V. 79. 7. 49. © | 25.348 | 59,154 23 4 42,5 


The laſt column is from Cass1wt; but Dr. Hzrs- 
CHEL makes the diſtance of the fifth to be 8'. 31,97. 
which is probably more exact. In this and the two 
next Tables, the ſatellites are numbered from Saturn 
as they were before the diſcovery of the other two, 


On 
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On June 9, 1749, at 104. Mr. Povxp found the 
 diftance of the fourth ſatellite to be 3. ;“ with a tele- 
ſcope of 123 feet, and an excellent micrometer fixed to 
it; and the ſatellite was at that time very near it's 
greateſt eaſtern digreſſion. Hence, at the mean 
diſtance of the earth from Saturn, that diſtance becomes 
2. 58",21; Sir I. NEwToN makes it 30. 4”. 


266. The periodic times are found as for the ſatel- 
lites of Jupiter (Art. 251). To determine theſe, 
M. Casstht choſe the time when the ſemi-minor 
axes of the ellipſes which they deſcribe were the greateſt, 
as Saturn was then 9go* from their node, becauſe the 
place of the ſatellite in it's orbit is then the ſame as 
upon the orbit of Saturn; whereas in every other caſe 
it would be neceffary to apply the reduction in order 
to get the place in it's orbit. 
267. As it is difficult to ſee Saturn and the ſatellites 
at the ſame time in the field of view of a teleſcope, 
their diſtances have ſometimes been meafured by ob- 
ſerving the time of the paſſage of the body of Saturn 
over a wire adjuſted as an hour circle in the field of the 
teleſcope, and the interval between the times when 
Saturn and the ſatellite paſſed. From comparing the 
periodic times and diſtances, M. Cass1n1 obſerved 
that KeeLER's Rule (Art. 162) agreed very well with 
obſervations. 


268. By comparing the places of the ſatellites with the 
ring in different points of their orbits, and the greateſt 
minor axes of the ellipſes which they appear to deſcribe 
compared with the major axes, the planes of the orbits 

of the firſt four are found to be very nearly in the 
plane of the ring, and therefore are inclined to the 
orþit 
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orbit of Saturn about 30˙; but the orbit of the fifth, 
according to M. Cassin1 the Son. makes an angle 
with the ring of about 1 52. 0 

269. M. Cass1n1 places the node of the ring, 
and conſequently the nodes of the four firſt ſatellites, in 
5. 22 upon the orbit of Saturn, and 5˙. 21* upon the 
ecliptic. M. Houycens had determined it to be in 
5*. 20%, 30“. M. MaRALDI in 1716 determined the 
longitude of the node of the ring upon the orbit of 
Saturn to be 5*. 19%. 48. 30“; and upon the ecliptic 
to be 5*. 16%. 20. The node of the fifth ſatellite is 
placed by M. CAss INI in 5˙. 5*. upon the orbit of 
Saturn, M. de la LAx DE makes it 5˙. o. 27/, 
From the obſervation of M. BERNARD at Marſeilles 
in 1787, it appears that the node of this latellne | is 
retrograde. 

270. Dr. HALT Ex diſcovered chat the orbit of the 
fourth ſatellite was excentric For having found it's 
mean motion, he diſcovered that it's place by obſer- 
vation was at one time 35 forwarder than by his calcu- 
lations, and at other obſervations it was 25. 30“ behind; 
this indicated an excentricity; and he placed the line 
of the apſides in 10˙. 22% Phil. Tranſ. No. 145. 


TABLES 
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TABLES of thir REVOLUTIONS and MEAN 
MOTIONS, according to M. DE LA LANDE. 


Satel.| Diurnal Motion |Motion in 365 days 
f 1 | &. 10% 41“ 53” AIP 44. 42” 
Il | 4. 11. 32 6 | 4. 10. 15. 19 
| II | 2. 19. 41. 25 9. 16. "I 5 
IV 0. 22. 34. 38 10. 20. 39. 37 
W +1 6: 4. 32. 177. 6. 23. 37 


— _ — 


| [Satel, Periodic Revolution Synodic Revolution , 
zr. 18. 26",222] 1%. 2. 18. 54,778 
II * 17. 44. $1,177] 2. 17. 45. 51,013 
III 4. 12. 25. 11, 100] 4. 12. 27. 55,2390 


— 


IVI 5. 22. 41. 16,0225. 23. 15. 23,153 
V 79. 7. 3 277]. 22. 3. 12, 883 


| 271. M. Cass1x1 obſerved that the fifth ſatellite 
diſappeared regularly for about half it's revolution, 


1 f when it was to the eaſt of Saturn; from which he 


= concluded, that it revolved about it's axis; he after- 


wards however doubted of this. But Sir. I. NgEwToN 


in his Principia, Lib. III. Prop. 17, concludes from 
hence, that it revolves about it's axis, and in the ſame 
time that it revolves about Saturn; and that the vari- 
able appearance ariſes from ſome parts of the ſatellite 
* not 
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not reflecting ſo much light as others. Dr. HE RSA“ 
CHEL has confirmed this, by tracing regularly the 
periodical change of light through more than 10 revo- 
lations, which he found, in all appearances, to be 
cotemporary with the return of the ſatellite to the 


ſame ſituation in it's orbit. This is further confirmed 


by ſome obſervations of M. BERNARD at Marſeilles in 
1787; and is a remarkable inſtance of 1 among 
the ſecondary planets. 

272. Theſe are all the ſatellites which were known 
to revolve about Saturn till the year 1789, when 
Dr. HeRsCHEL, in a Paper in the Phil. Tranſ. for 
that year, announced the diſcovery of a fix: ſatellite, 
interior to all the others, and promiſed a further 
account in another paper. But in the intermediate 
time he diſcovered a ſeventh ſatellite, interior to the 
ſixth; and in a Paper upon Saturn and it's ring, in 
the Phil. Tranſ. 1790, he has given an account of the 
diſcovery, with ſome of the elements of their motions. 
He afterwards added Tables of their motions. 

273. After his obſervations upon the ring, he ſays, 
he cannot quit the ſubject without mentioning his own 
ſurmiſes, and that of ſeveral other Aſtronomers, of a 
ſuppoſed roughneſs of the ring, or inequality in the 
planes and inclinations of it's flat fides. This ſuppo- 
ſition aroſe, from ſeeing luminous points on it's bounda- 
ries, projecting like the moon's mountains; or from 
ſeeing one arm brighter or longer than the other; or 
even from ſeeing one arm when the other was inviſible. 
Dr. HERScREL was of this opinion, till he ſaw one of 
theſe points move off the edge of the ring in the form 
of a ſatellite. With his 20 feet teleſcope he ſuſpected 
that he ſaw a ſixth fatellite; and on Auguſt 19, 178), 

marked 


—_— — — — 
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marked it down as probably being one; and having 


finiſhed his teleſcope of 40 feet focal length, he ſaw fix 
of it's fatellites the moment he directed his teleſcope 
to the planet. This happened on Auguſt 28, 1789. 
The retrograde motion of Saturn was then nearly . 
30“ in a day, which made it very eaſy to aſcertain, 
whether the ſtars he took to be ſatellites were really ſo; 


-  andin about two hours and an half after, he found 


that the planet had viſibly carried them all away from 
their places. He continued his obſervations, and on 
September 17, he diſcovered the ſeventh ſatellite. 
Theſe two fatellites lie within the orbits--of the other 
five. Their diſtances from the center of Saturn are 
36”,7889, and 28,6689; and their periodic times are 
1d. 8k. 53. 8“, 9 and 22h. $7.'22",9, The planes of 
the orbits of theſe ſatellites lie ſo near to the plane of 
the ring, 15 their Ane cannot be d | 


On the Lale, of the Georgian. 


274. On t 1987, as Dr. HERSCREL 
was obſerving the Georgian, he perceived, near it's 
diſc, ſome very ſmall ſtars, whoſe places he noted. 
The next evening, upon examining them, he found 
that two of them were miſſing. Suſpecting therefore 
that they might be ſatellites which had diſappeared in 


- conſequence of having changed their ſituation, he con- 


tinued his obſervations, and in the courſe of a month 

diſcovered them to be ſatellites, as he had firſt conjec- 

tured. - Of this diſcovery he _ an account in the 

Phil. Tranſ. 1187. 

275. In the Phil. Tranſ. 1738, he publiſhed - a 

| further account of this diſcoyery, containing their 
| — 
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periodic times, .diſtances, and poſitions of their orbits, 
ſo far as he was then able to aſcertain them. The 
moſt convenient method of determining the periodic 
time of a ſatellite, is, either from it's eclipſes, or from 
taking it's poſition in ſeveral ſucceſſive oppoſitions of 
the planet; but no eclipſes have yet happened ſince 
the diſcovery of theſe ſatellites, and it would be wait- 
ing a long time to put in practice the other method. 
Dr. HERScHETL therefore took their ſituations when- 
ever he could aſcertain them with ſome degree of pre- 
ciſion, and then reduced them by computation to ſuch 
ſituations as were neceſſary for his purpoſe. In com- 
puting the periodic times, he has taken the ſynodic 
revolutions, as the poſitions of their orbits, at the times 
when their ſituations were taken, were not ſufficiently 
known to get a very accurate ſidereal revolution. The 
mean of ſeveral reſults gave the ſynodic revolution of the 
firſt ſatellite 8. 174. 1. 1973, and of the ſecond 134. 
11h, 5. 1',5. The reſults, he obſerves, of which 
theſe are a mean, do not much differ among them- 
ſelves, and therefore the mean 1s probably tolerably 
accurate. The epochs from which their ſituations 
may at any time be computed are, for the firſt, October 
19, 1787, a 19h. 11“. 28”, and for the ſecond, at 
17h. 22“. 40”, at which times they were 76“. 43 north 
following the planet. 

276. The next thing to be determined i in the ele- 
ments of the ſatellites was their diſtances from the 
planet ; to obtain which, he found one diſtance by 
obſervation, and then the other from the periodic 
times (Art. 162). Now in attempting to diſcover the 
diſtance of the ſecond, the orbit was ſeemingly ellip- 

tical. 
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tical. On March 18,1787, at 84. 2“. 50%, he found 


the elongation to be 46”,46, this being the greateſt of 
all the meaſures he had taken. Hence, at the mean 
diſtance of the Georgian from the earth, this elonga- 


tion will be 44,23. Admitting therefore, for the: 
preſent, ſays Dr. HzrscnEr, that the ſatellite moves 
in a circular orbit, we may take 44,23 for the true 
diſtance without much error; hence, as the ſquares of 


the periodic times are as the cubes of the diſtances, the 


diſtance of the firſt ſatellite comes out 33“, 9. The 
ſynodic revolutions were here uſed inſtead of the ſide- 


real, which will make but a ſmall error. 


277. The laſt thing to be done was to determine 


* /the inclination of the orbits, and places of their nodes. 


And here a difficulty-preſented itſelf which could not 
de got over at the time of his firſt obſervation; for it 
could not then be determined which part of the orbit 
was inclined 0 the earth, and which from it. On the 


two different ſuppoſitions therefore, Dr. HERschEL 
bas computed the inclinations of the orbits, and the 


places of the nodes, and found them as follows. 
The orbit of the ſecond ſatellite is inclined to the 
_ ecliptic 99. 43“. 53”,3; or 819. &. 4,4; it's aſcending 
node upon the ecliptic is in 5*. 18, or 8'. 6*; and 
when the. planet comes to the afcending node of this 
fatellite, which will happen about the year 1799, or 


13818, the northern half of the orbit will be turned 


towards the eaſt, or weſt, at the time of it's meridian 
paſſage. M. de la Lawmzre makes the aſcending, 
node in 5. 21*, or 8*. g*, from Dr. HERScHEI's 
obſervations. The fituation of the orbit of the firſt 


 fatellite does not materially differ from that of the 
ſecond. 


8 * W 28 __* 
: 2 | _ 8 
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ſecond. The light of the ſatellites is extremely faint ; 
the ſecond is the brighteſt, but the difference is ſmall. 


The fatellites are probably not leſs than thoſe of 


Jupiter. There will be eclipſes of theſe ſatellites about 
the year 1799, or 1818, when they will appear to 
aſcend through the ſhadow of the planet, in a direction 
almoſt perpendicular to the ecliptic. 

Since theſe diſcoveries were made, Dr. HRRScHEI 
has diſcovered four more ſatellites of the Georgian; 
and found that their motions are all retrograde. Phil, 


Tranſ. 1798. 


vor- IV. i CHAP. 
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on THE-RING/ OF SATURN, 


Art, 278. Goto was the firſt * who 

obſerved any thing extraordinary in 
. The planet appeared to him like a large 
globe between two ſmall ones. In the year 1610 he 
announced this diſcovery. He continued his obſerva- 
tions till 1612, when he was ſurpriſed to find only the 
middle globe; but ſometime after he again diſcovered* 
the globes on each fide, which, in proceſs of time, 
appeared to change their form; ſometimes appearing 
round, ſometimes oblong like an acorn, ſometimes 
ſemicircular, then with horns towards the globe in the 
middle, and growing by degrees ſo long and wide as 
to encompals it, as it were with an oval ring. Upon 
this, HuyGEns ſet about improving the art of grinding 
object glaſſes; and made teleſcopes which magnified 
two or three times more than any which had been 
before made, with which he diſcovered very clearly the 


ring of Saturn; and having obſerved it for ſome time, 


he publiſhed the diſcovery in 1656. He made the 
ſpace between the. globe and the ring equal to, or 
rather bigger than the breadth of the ring ; and the 
greater diameter of the ring to that of the globe as 9 
to 4. But Mr. Pounp, with a micrometer applied to 

HvuYcens's 
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Huvczxs's teleſcope of 123 feet long, determined 
the ratio to be as 7 to 3. Mr. WatsTox, in his 
Memoirs of the Life of Dr. CLARxk, relates, that the 
Doctor's Father once faw a fixed ſtar between the 
ring and the body of Saturn. In the year 1675, 
M. Casstxt ſaw the ring, and obſerved upon it a 
dark elliptical line, dividing it as it were into two rings, 
the inner of which appeared brighter than the outer. 
He alſo obſerved a dark belt upon the planet, parallel 
to the major axis of the ring. Mr. HA DLE obſerved 
that the outer part of the ring ſeemed narrower than 
the inner part; and that the dark line was fainter 
towards it's upper edge; he alſo ſaw two belts, and 
obſerved” the ſhadow of the ring upon Saturn. In 
October 1714, when the plane of the ring very nearly 
: paſſed through the earth, and was approaching to it, 
M. MARrALD: obſerved, that while the arms were 
decreaſing both in length and breadth, the eaſtern arm 
appeared a little larger than the other for three or four 
nights, and yet it vaniſhed firſt, for after two nights 
interruption by clouds, he ſaw the weſtern arm alone, 
This inequality of the ring made him ſuſpect that it 
was not bounded by exactly parallel planes, and that it 
turned about it's axis. But the beſt deſcription of 
this fingular phenomenon is that given by Dr. Hzrs- 
CHEL in the Pk). Tranſ. 1790, who, by his extraordi- 
nary teleſcopes, has diſcovered many circumſtances 
which had eſcaped: all other obſervers. We ſhall here 
give the ſubſtance of his account. 

279. The black diſc, or belt, upon the ring IF 
Saturn is not in the middle of it's breadth ; nor is the 
ring ſubdivided by many ſuch lines, as has been repre- 

| O 2 ſeated 
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ſented by ſome Aſtronomers ; but there is ane “ ſingle, 
dark, conſiderable broad line, belt, or zone, which he 
has conſtantly. found on the north ſide of the ring, 
As this dark belt is ſubje& to no change whatever, it 
is probably owing to ſome permanent conſtruction of 
the ſurface of the ring. This conſtruction cannot be 
owing, to the.ſhadow of a chain of mountains, fince it 
is viſible all round on the ring; for at. the ends of the 
ring there could be no ſhade ; and the ſame argument 
will hold againſt any ſuppoſed caverns. It is more- 
over pretty evident, that this dark zone is contained 
between two concentric circles, as all the phænomona 
anſwer to the projection of ſuch a zone. The nature 
of the ring is undoubtedly no leſs ſolid than the 
planet itſelf; and it is obſerved to caſt. a ſtrong 
ſhadow upon the planet. The light of the ring is 
alſo generally brighter than that of the planet; for the 
ring appears ſufficiently bright, when the teleſcope 
affords ſcarcely light enough for Saturn. Dr. Hzrs- 
CHEL next takes notice of the extreme thinneſs of t 
ring. He frequently ſaw the firſt, ſecond, 7 
fourth and fifth ſatellites paſs before and behind the 
ring in ſuch a manner, that they ſerved as an excellent 
micrometer to meaſure it's thickneſs by. It may be 
proper to mention a few inſtances, as they ſerve alſo to 


ſolve ſome phænomena obſerved by other Aſtronomers, 


without having been accounted for in any manner that 
could be admitted conſiſtently with other known facts. 


July 

In a Paper in the Phil. Traxſ. 1792, Dr. Herscuzi obſerves 
that, fince the year 1774 to the preſent time, I can find only four 
obſervations where any other black diviſion of the ring is mentioned 


than the one which I have conſtantly obſerved ; theſe were all in 
Jane, 1780.” 
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July 18, 1789, at 164. 4. g” fidereal time, the third 
fatellite ſeemed to hang upon the following arm, de- 
clining a little towards the north, and was ſeen gra- 
dually to advance upon it towards the body of Saturn; 
but the ring was not ſo thick as the lucid point. July 
23, at 19h, 41“. 8”, the fourth ſatellite was a very 
little preceding the ring, but the ring appeared to be 
leſs than half the thickneſs of the ſatellite. July 27, 
at 20h. 15, 12”, the fourth ſatellite was about the 
middle, upon the following arm of the ring, and to- 
wards the ſouth ; and the ſecond at the farther end, 
towards the north; but the arm was thinner than 
either. Auguſt 29, at 22k. 12/. 25”, the fifth ſatellite 
was upon the ring, near the end of the preceding arm, 
and the thickneſs of the arm ſeemed to be about + or 4 
of the diameter of the fatellite, which, in the fituation 
it then was, he took to be leſs than one ſecond in 
diameter. At the fame time, the firſt appeared at a 
little diſtance following the fifth, in the ſhape of a 
bead upon a thread, projecting on both fides of the 
ſame arm ; hence, the arm 1s thinner than the firſt; 
which is conſiderably ſmaller than the ſecond, and a 
little leſs than the third. October 16, he followed the 
firſt and ſecond ſatellites up to the very diſc of the 
planet; and the ring, which was extremely faint, did 
not obſtruct his ſeeing} them gradually approach the 
diſc. Theſe obſervations are ſufficient to ſhow the 
extreme thinneſs of the ring. But Dr. HRRScREIT 
further obſerves, that there may be a refraction through 
an atmoſphere of the ring, by which the ſatellites may 
be lifted up and depreſſed, ſo as to become viſible on 
both ſides of the ring, even though the ring ſhould 
be equal in thickneſs to the ſmalleſt ſatellite, which 
autor . 03 pt” may 
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may amount to 1000 miles. From a ſeries of obſer- 
vations upon luminous points of the ring, be has diſ- 
covered that it has a rotation about it's axis, ah time 
of which is 104. 340. 15" 4. 

280. The ring is invifible when it's plane paſſes 
through the fun, the earth, or between them; in the 
firſt caſe, the ſun ſhines only vpon it's edge, which is 
too thin to reflect ſufficient light to render it viſible; 
in the ſecond caſe, the edge only being oppoſed to us, 
it is not viſible for the ſame reaſon; in the third caſe, 
the dark fide of the ring is expoſed to us, and there- 
fore the edge being the only luminous part which is 
towards the earth, it is invifible- on the fame account 
as before. Obſervers have differed 10 or 12 days in the 
time of it's becoming inviſible, owing to the difference 
of the teleſcopes, and of the ſtate: of the atmoſphere. 
Dr. Hzxscuzr obſerves,. that tbe ring was ſeen in 
his teleſcope, when we were turned towards the. unen- 
tightened fide ; fo that he either ſaw the light reflected 
from the edge, or elſe the reflection of the light of 
Saturn upon the dark ſide of the ring, as we ſometimes 
fee the dark part of the moon. He cannot however 
ſay which of the two might be the caſe; eſpecially as 
there are very ſtrong reaſons to think, that the edge of 
the ring is of ſuch a nature as not to feſſect much 
light. M. de la Laxps thinks that the ring is juſt 
viſible with the beſt teleſcopes in common uſe, when 
the fun is elevated 3“ above it's plane, or 3 days before 
it's plane 2 e through: the lun and when the earth 

| | 5 
'® The 8 of the Ring is W in 
common uſe among Aſtronomers; for Dr. HzAscHEL, with his 


large teleſcopes, has been able to ſee it in every ſituation. He thinks 
the edge of the Ring is not flat, but ſpherical, or ſpheriodical. 


ON THE RING OF SATURN, 215 


is elevated 2. 30“ above the plane; or one Gy Tom: 
the earth's paſſing it. 

281. In a Paper in the Phit. Nan 1790, Dr. 
HunscazL ventuted to hint at a ſuſpicion that the 
ring was divided; this conjefture was ſtrengthened by 
future obſervations, after he had had an opportunity. 
of ſeeing both ſides of the ring. His reaſons are theſe : 
1. The black divifion upon the fouthery ſide of the 
ring, is in the ſame place, of the ſame breadth, and at 
the ſame diſtance from the outer edge, that it always 
appeared upon the northern fide. 2. With his ſeven 
feet reflector and an excellent ſpeculum, he ſaw the 
divifion on the ring, and the open ſpace between the 
ring and the body, equally dark, and of the ſame 
colour with the heavens about the planet. 3. The 
black diviſion is equally broad on each fide of the ring. 
From theſe obſervations, Dr. HRRSCRHEL thinks him- 
ſelf authoriſed to ſay, that Saturn has two concentric 
rings, fituated in one plane, which is probably not 
much inclined to the equator of the planet. The 
dimenſions of the rings are in the following proportions, 
as nearly as they could be aſcertained, 


Inſide diameter of the ſmaller ring 5900 
Outſide diameter | - 7510 
Inſide diameter of the lager fing I » 
Outſide diameter „„ "as 
Breadth of the inner ring 805 
Breadth of the outer ring . 280 


Breadth of the ſpace between the rings 115 


In the Mem. de J. Acad. at Paris 1787, M. de la 


PLACE ſuppoſes that the ring may have many diviſions z 
O 4 but 
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but Dr. HzxscuEL remarks, that no abſerviuons will 
juſtify this ſuppoſition. 

282. From the mean of a great many . M 
che diameter of the larger ring, Dr. HERscHET makes 
it 46“½67/ at the mean diſtance of Saturn. Hence, 


it's diameter: the diameter of the earth :: 25,8914 : 1 


From the above proportions therefore, the diameter of 
this ring muſt be 204883 miles; and 2 — of 
the two rings 2839 miles. | 
283. The ring being a circle, appears elliptical — 
ie's oblique” poſition ; and it appears moſt open when 
Saturn is 90˙ from the nodes of the ring upon the 
orbit of Saturn, or when Saturn's longitude is about 
25 17 „ and 8', 17%. In ſuch a ſituation, the minor 
axis is extremely nearly equal to half the major, when 
the obſervations are reduced to the ſun; conſequently 
the plane of the ring makes an —— of about 305 with 
the orbit of Saturn. | 


. Bs 70 . 16 , , * 4 1; 
ws * „ — of 
4 : „ 
— 1. N. 


66 "XX = 


6 3 & 5s 


{ 217 } 


CHAP. XX. 


ON THE ABERRATION OF LIGHT, 


Art. 284. | be the year 1725, Mr. MoLynzvx, 
| aſſiſted by Dr. BravDLer, fitted up a 


_ zenith ſector at Kew, in order to diſcover whether the 


fixed ſtars had any ſenſible parallax *, that is, whether 
2 ſtar would appear to have changed it's place whilſt the 
earth moved from one extremity of the diameter of it's 
orbit to the other ; or which is the ſame, to determine 
whether the diameter of the earth's orbit ſubtends any 
ſenſible angle at the ftar. The very important diſco- 
very ariſing from their obſervations is ſo clearly and 
fully related by Dr. BRADTEX in a Letter to Dr. 
HALLEY, that I cannot do better than give it to 

the reader in his own words. Phil. Tranſ. No. 406. 
285. © Mr. MoLyNzvux's apparatus was com- 
pleted and fitted for obſerving about the end of 
November 1725, and on the third day of December 
following, the bright ſtar in the head of Draco 
(marked y by BAYER) was for the firſt time obſerved 
as i paſſed near the zenith, and 1 it's ſituation carefully 
taken 


* Dr, Hod wis the firſt inventor of this method, and in the 
year 1669 he put it in practice at Greſham College, with a teleſcope 
36 feet long. His firſt obſervation was July 6, at which time he 
found the bright ſtar in the head of Draco, marked y by BAYER, 
paſſed about 2'. 12 ' northward from the zenith; on july g, it paſſed 
at the ſame diſtance; on Auguſt 6, it paſſed 2. 6” northward from 
the zenith; on October 21, it paſſed “. 48” or 50” north from the 
genith, according to his obſervations. See his Curlerian Lectures. 
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taken with the inſtrument. The like obſervations 
were made on the 5 11* and 12" of the ſame month; 
and there appearing no material difference in the place 
of the ſtar,” a farther repetition of thetn at this ſeaſon 
ſeemed needleſs, it being a part of the year wherein no 
ſenſible alteration of parallax in this ſtar could ſoon be 
expected. It was chiefly therefore curioſity that 
tempted me (being then at Kew where the inſtrument 
was fixed) to prepare for obſerving the ſtar on Decem- 
ber 17, when having adjuſted the inſtrument as uſual, | 
[ perceived that it paſſed a little more ſouthwardly this 
day than when it was obſerved before. Not ſuſpecting 
any other cauſe of this appearance, we firft concluded 
that it was owing to the uncertainty of the obſervations, 
and that either this or the foregoing were not ſo exact 
as we had before ſuppoſed; for which reaſon we purpoſed 
to repeat the obſervation. again, in order to determine 
from whence this, difference proceeded ;:, and upon 
going it on December 20, 1 found that the ſtar paſſed 
a a more ſouthwardly than in the former obſervations. 
: This ſenſible alteration the more ſurprized us, in that 
it was the contrary way from-what it would have been, 
had jt. proceeded from an annual parallax of the ſtar: 
but being now pretty well ſatisfied that it could not be 
entirely owing to the want of exactneſs in the obſerva- 
tons, and having no notion of any thing elſe that 
could cauſe ſuch an apparent motion as this in the 
ſtar, we began to think that ſome change in the ma- 
terials, &c. of the inſtrument itſelf might have occa- 
fioned it; Under theſe apprehenſions we remained 
ſome time, but being at length fully convinced by 
ſeveral trials of the great exactneſs of the inſtrument, 
and finding by the gradual increaſe of the ſtar's diſtance 
7 | | from 
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from the pole, that there muſt be ſome regular cauſe | 


that produced it, we took care to examine nicely at 
the time of each obſervation how much it was; and 
about the beginning of March 1726, the ſtar was 


found to be 20“ more ſouthwardly than at the time f 


the firſt obſervation. It now indeed ſeemed to have 
arrived at it's utmoſt limit ſouthward, becauſe in ſeveral 
trials made about this time no ſenſible difference was 
: obſerved in it's fituation. By the middle of April it 
appeared to be returning back again towards the north; 
and about the beginning of June it paſſed at the ſame 
diſtance from the zenith as it had done i in December 
when it was firſt obſerved. 

From the quick alteration of this ſtar's W 
about this time (it increaſing a ſecond in three days) 
it was concluded that it would now proceed northward, 
as it before had gone ſouthward of it's preſent ſituation; 


Oo 


and it happened as was conjectured, for the ſtar con- 


tinued to move northward till September mn 
when it again became ſtationary, being then near 20” 
more northwardly than in June, and no leſs than 397 
more northwardly than it was in March. From 
September the ſtar returned towards the ſouth, till it 
arrived in December to the ſame fituation it was in at 
that time twelve months, allowing for the difference of 
declination on account of the preceſſion of the equinox. 
This was a ſufficient proof, that the inſtrument had 
not been the cauſe of this apparent motion of the ſtar, 
and to find one adequate to ſuch an effect ſeemed a 
difficulty. A nutation-of the earth's axis was one of 
the firſt things that offered itſelf upon this occafion, 
but it was ſoon found to be infufficicent ; for though 
it might have agcounted for the change of dec ination 


in 
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in 7 Draconis, yet it would not at the ſame time agree 
with the phænomena in other ſtars, particularly in a 
ſmall one almoſt oppoſite in right aſcenſion to y Dra- 
conis, at about the ſame diſtance from the north pole 
of the equator; for though this ſtar ſeemed to move 
the ſame way as a nutation of the earth's axis would 
have made it, yet it changing it's declination but about 
half as much as + Draconis in the ſame time, (as 
appeared upon comparing the obſervations of both 
made upon the ſame days at different ſeaſons of the 
year,) this plainly proved that the apparent motion of 
the ſtars was not occaſioned by a real nutation, ſince 
if chat had been the cauſe, the alteration in both ſtars 
would have been nearly equal. 
The great regularity of the obſervations leſt no room 
to doubt but that there was ſome regular cauſe that 
produced this unexpected motion, which did not 
depend on the uncertainty or variety of the ſeaſons of 
the year. Upon comparing the obſervations with each 
other, it was diſcovered that in both the fore - mentioned 
ſtars the apparent difference of declination from the 
maxima was always nearly proportional to the verſed 
ſine of the ſun's diſtance from the equinoctial points. 
This was an inducement to think that the cauſe, what - 
ever it was, had ſome relation to the ſun's ſituation 
with reſpect to thoſe points, But not being able to 
ſrame any hypotheſis at that time ſufficient to ſolve all 
the phænomena, and being very deſirous to ſearch a 
little farther into this matter, I began to think of erect- 
ing an inſtrument for . myſelf at Wanſted, that having 
it always at hand, I might with the more caſe and cer- 
tainty enquire into the laws of this new motion. The 
conſideration likewiſe of being able by another inſtru- 
” thy - | ment 
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ment to confirm the truth of the obſervations hitherto 
made with Mr. MoLYXEUx's was no ſmall induce- 
ment to me; but the chief of all was the opportunity 
I ſhould thereby have of trying in what manner other 
ſtars were affected by the ſame cauſe, whatever it was. 
For Mr. MoLrywnevux's inftrumeat being originailty 
deſigned for obſerving 7 Draconis (in order, as I ſaid 
before, to try whether it had any ſenſible parallax) 
was ſo contrived as to be capable of but lictle alteration 
in it's direction, not about ſeven or eight minutes of a 
degree; and there being few ſtars within half that 
diſtance from the zenith of Kew bright enough to be 
well obſerved, he could not with his inſtrument 
thoroughly examine how this cauſe affected ſtars 
differently ſituated with reſpect to the equinoCtial and 
ſolſtitial points of the ecliptic. 

; Theſe conſiderations determined me; and by the con- 
trivance and direction of the very ingenious perſon 
Mr. GrAnam, my inſtrument was fixed up Auguſt 
19, 1727. As I had no convenient place where [ 
could make uſe of ſo long a teleſcope as Mr. MoLy- 
NEUX's, I contented myſelf with one of but little more 
than half the length of his (viz. of about 124 feet, his 
being 24.) judging from the experience which I had 
already had, that this radius would be long enough to 
-adjuſt the inſtrument to a ſufficient degree of exactneſs, 
and I have had no reaſon ſince to change my opinion; 
for from all the trials I have yet made, I am very well 
ſatisfied that when it is carefully rectified, it's fituation 
may be ſecurely depended upon to half a ſecond. As 
the place where my inſtrument was to be hung, in ſome 
. meaſure determined it's radius, fo did it alſo the length 
of the arch or limb. on which the diviſions were made 


ro 
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to adjuſt i it ; for the arch could not conveniently be ex- 
tended farther than to reach to about 6*. 15 on each 
fide my zenith. This indeed was ſufficient, fince it 
gave an opportunity of making choice of ſeveral ſtars 
very different both in magnitude and ſituation, there 
being more than two hundred inſerted in the Britiſh 
Catalogue that may be obſerved with it. - I needed not 
to have extended the limb ſo far, but that I was willing 
to take in Capella, the only ſtar of the firſt magnitude. 
that comes ſo near to my zenith. |, 

My inſtrument being fixed, I immediately began to 
obſerve ſuch ſtars as I judged moſt proper to give me 
light into the cauſe of the motion already mentioned. 
There. was variety enough of ſmall ones, and not leſs 


than twelve that I could obſerve through all the ſeaſons 


of the year, they being bright enough to be ſeen in 
the day time, when neareſt the fun. I had not been 
long obſerving, before I perceived that the notion we 
bad before entertained of the ſtars being fartheſt north 
and ſouth when the ſun was about the equinoxes, was 
only true of thoſe that were near the ſolſtitial colure ; 
and after I had continued my obſervations a few 
months, I diſcovered what I then apprehended to be a 
general law, obſerved by all the ftars, viz. that each 
of them became ſtationary, or was fartheſt north or 
ſouth, when they paſſed over my zenith at fx o'clock 

either in the morning or evening. 1 perceived likewiſe, 
that whatever ſituation the ſtars were in with reſpect 
to the cardinal points of the ecliptic, the apparent 
motion of every one tended the fame way when they 
paſſed my inſtrument about the ſame hour of the day 
or night; for they all moved ſouthward while they 
paſſed in the day, and gorthward in the night; fo 
that 


AY 
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that each was fartheſt north when it came about fix 
o'clock in the evening, and fartheſt fouth when it came 
about fix in the morning. | 
Though I have fince diſcovered that the maxima in 
moſt of theſe ſtars do not happen exactly when they 
come to my inſtrument at thoſe hours, yet not being 
able at that time to prove the contrary, and ſuppoſing 
that they did, I endeavoured to find out what propor- 
tion the greateſt alterations of declination in different 
ſtars bore to each other; it being very evident that they 
did not all change their declinations equally. I have 
before taken notice that it appeared from Mr. Mor x- 
NEUX's obſervations, that + Draconis altered it's 
declination about twice as much as the fore-men- 
tioned ſmall ſtar almoſt oppoſite to it; but examining. 
the matter more particularly, I found that the greateſt 
alteration of declination in theſe ſtars was as the fine of 
the latitude of each reſpe&ively, This made me 
ſuſpect, that there might be the like proportion between 
the maxima of other ſtars ; but finding that the obſer- 
vations of ſome of them would not perfectly correſpond 
with ſuch an hypotheſis, and not knowing whether the 
ſmall difference I met with might not be owing to the 
uncertainty and error of the obſervations, I deferred 
the farther examination into the truth of this hypotheſis 
till I ſhould be furniſhed with a ſeries of obſervations 
made in all parts of the year ; which might enable me 
not only to determine what errors the obſervations are 
liable to, or how far they may ſafely be depended 
upon; but to judge whether there had been any 
ſenſible change in the parts of the inſtrument itſelf. 
Upon theſe conſiderations J laid aſide all thoughts 
at that time about the cauſe of the fore - mentioned 
phenomena, 


F 
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phenomena, hoping that I ſhould the eaſier diſcover 
it, when I was better provided with proper -means to 
determine more preciſely what they were. 
When the year was completed I began to examine 
and compare my obſervations, and having pretty well 
fatisfied myſelf as to the general laws of the phænomena, 
I then endeavoured to find out the cauſe of them. 1 
was already convinced, that the apparent motion of the 


ſtars was not owing to a nutation of the earth's axis. 


The next thing that offered itſelf, was an alteration in 
the direction of the plumb- line with which the inſtru- 
ment was conſtantly rectified; but this, upon trial, 
proved inſufficient. Then I conſidered what refraction 
might do, but here alſo nothing ſatisfactory occurred. 
At laſt I conjectured, that all the phænomena hitherto 
mentioned proceeded from the progreſſive motion of 
light and the earth's annual motion in it's orbit. 
For | perceived if light was propagated in time, 
the apparent place of a fixed object would not be the 
ſame when the eye is at reſt, as when it is moving in 
any other direction than that of the line paſſing through 
the eye and object ; ; and that when the eye is moving 
in different directions, the * place of the object 
would be different.“ 

This is Dr. BaApLEV's account of this very im- 
portant diſcovery; we ſhall therefore proceed to ſhow 
that his principle will ſolve all the phznomena. 

286. The fituation of any object in the heavens is 
determined by the poſition. of the axis of the teleſcope 
annexed to the inſtrument with which we meaſure ; 
for ſuch a poſition 1s given to the teleſcope, that the 
rays of light from the object may deſcend down the 
Axis, and 1n chat ſituation the index ſhows the angular 
diſtance 
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diſtance required. Now if light be progreſſive, when 
a ray from any object ' deſcends down the axis, the 
poſition of the-teleſcope muſt: be different from what 
it would have been if light had been inſtantaneous, and 
therefore the place which is meaſured in the heavens 
will be different from the true r Ben let 8“ be a 


e 


-& 


2 
KI 


| ii 

Xen. $4 | 
fixed ſtar, / F the direction of the earth's motion, & 
the direction of a particle of light, entering the axis ac 
of a teleſcope at a, and moving through a F while the 
earth moves from c to F; then ＋ the teleſcope continue 
parallel to itſelf; the light will deſcend in the axis. 
For let the axis um, Fo contipue parallel to ac; then, 
conſidering each motion as uniform, the ſpaces 
deſcribed 1 in the ſame will continue in the ſame 

$2.23 | | | proportion; 
Wr. The motion of the ſpectator etl from the rotation of the 


earth .about it's axis is not here taken into conſideration, it yo 
ſmall as not to produce any ſenſible effect. 


Vor, IV. | P 


TY 
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proportion ; but (F : aF :: cn: av, and by ſuppoſi- 
tion, c F, a F are deſcribed in the fame time, therefore 


cn, avi are deſcribed in the fame time; hence, when 
the teleſcope comes into the ſituation am, the particle 
of light will be in the axis at v; and this being true 
for every inſtant, in this poſition of the teleſcope the ray 
will deſcend down the axis, and conſequently the place 
of the ſtar determined by the teleſcope at F is s', and the 


angle SF is the aberration, or the difference between the 


true place of the far. and the place determined by the inſtru- 


ment. Hence, if we take any line FS : Ft :: velocity 


of light: the velocity of the earth, and join St, and 
complete the parallelogram Fr Ss, the aberration will be 


equal to the angle FSt. Alſo, S repreſents the true place 


of the ſtar, and 5 the place determmed by the inſtrument. 

287. As the place meaſured by the inſtrument 
differs from the true place, let us next conſider how 
the progreſſive motion of light may affect the place of 
the ſtar ſeen by the naked eye. If a ray of light fall 
upon the eye in motion, it's relative motion in reſpect 
to the eye will be the ſame as if equal motions 
were impreſſed in the ſame direction upon each, at the 
inſtant of contact; for equal motions in the ſame 
direction impreſſed upon two bodies will not affect 
their relative motions, and therefore the effect of one 
upon the other will not be altered. Let Y F be a tan- 


gent to the earth's orbit at F, which will repreſent the 
direction of the earth's motion at F, & the ſtar, join 


EF, and produce it to G, and take FG : Fn :: the 
velocity of light: the velocity of the earth in it's orbit, 
and complete the parallelogram » FGH, and draw the 
diagonal FH. Now as FG, F repreſent the motions = 
4 A and of. * earth i in it' > orbit, conceive a 
motion 
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motion Fn equal and oppoſite to u F to be impreſſed 
upon the eye at F and upon the ray of light, then the 
eye will be at reſt, and the ray of light, by the two 
motions FG, Fn, will deſcribe the diagonal FH; this 
therefore is the relative motion of the ray of light in 
reſpect to the eye itſelf, Hence, the object appears in 
the direction HF, and conſequently it's apparent place 
differs from it's true place by the angle GFH = FSi. 
Ir appears therefore, that the apparent place of the object 
to the naked eye is the ſame as the place determined by 
the inſtrument. We may therefore call the place 
meaſured by the inftrument, the apparent place. 
Many writers have given the explanation in this article, 
as the proof of the aberration, not conſidering that the 
aberration is the difference between the true place and 
that determined by the inſtrument, or the inſtrumental 
error; indeed, in this caſe, the apparent place to the 
naked eye coincides with the place determined by the 
inſtrument, and therefore no error has been produced | 
by conſidering it in that point of view ; but it intro- 
duces a wrong idea of the ſubject; the correction 
which we apply, or the aberration, is the correction of 
the place determined by the inſtrument, and therefore 
the inveſtigation ought to proceed upon this principle; 
how much does the determined place differ from the 
true place? 
288. By Trigonometry, in. ss: fin. FtS :: Ft: 
FS :: velocity of the earth: velocity of light, hence, 
ſine of aberration = ſin. Ft S x 4 5 beh. therefore if 
we conſider the velocity of the earth and of light to be 
conſtant, the ſine of aberration, or the aberration itſelf 
2s it never exceeds 20”, varies as fin, F1S, and therefore 
110 P 2 75 


* 
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is greateſt when that angle is a right angle; if therefore s 


be put for the ſine of Ft S, we have 1 (rad.) : 5 :: 207: 
$X20” the aberration. - Hence, when Fi coincides 


with FS, or the earth be moving directly to or * a 


2 there is no aberration. 
289. As (by obſervation) the angle FSt=2 20% 8 


PLS = = 90?, we have, the velocity of the earts : velocity BN 


* : Jin. 20” f radius :: 1: 10314. 
290. The aberration S's lies from the true place. of 


the. ſtar i in a direction parallel to the direction of the 


earth's motion, and towards the ſame part. 


291. Whilſt the earth makes one revolution in 1 it's 
abit, the curve, parallel to the: ecliptic, deſcribed by 
the apparent place of a fixed ſtar, is a circle. For let 
AFBY2 be the earth's orbit, K the focus in which the 


ſun is, H the other focus; on the major axis A B de- 


| ſcribe a circle in the ſame plane; draw a tangent F to 


the point F, and Ky, HZ (at ns to it ; then, by 
Conics, 
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Conics, the points y and Z will be always in the circum- 
ference of the circle. Let & be the true place of the ſtar, 
any where out of the plane of the ecliptic, which there- 
fore muſt be conceived to be elevated above the plane 
AFB, and take -F: FS as the velocity of the earth to 
the Velocity of light, and complete the parallelogram 
Ft Ss, and s will (Art. 286) be the apparent place of 
the ſtar. Draw FL perpendicular to AB, and let 
Mu be the curve deſcribed by the point s, and SV 
be parallel to FL. Now (from phyſical principles) 


the velocity of the earth varies as K. | „or as HZ; but 


tF, or Ss, repreſents the velocity of the earth; hence, 
Ss varies as E Alſo, as Ss, SV are parallel to Fy, 
FL, the angle 387 = the angle yFL which is = the 
angle Z HL, becauſe the angle LF added to each 
makes two right angles, for in the quadrilateral figure 
LFZ A the angles L and Z are right ones. Hence, 
as Ss varies as HZ, and the angle 8 = HA, the 
figures deſcribed by the points 5 and Z muſt be ſimilar; 
but Z deſcribes a circle in the time of one revolution 
of the earth in it's orbit; hence, s muſt deſcribe a circle 
about $ in the ſame time. And as Ss is always parallel 
to F which lies in the plane of the ecliptic, the circle 
Ws x is parallel to the ecliptic, Alſo, as & and H are 
two points ſimilarly ſituated in V and AB, it appears 
that the true place of the ſtar divides that diameter 
which, although in a different plane, we may conſider 
as perpendicular to the major axis of the earth's orbit, 
in the ſame ratio as the focus divides the major axis. 
But as the earth's orbit is very nearly a circle, we may 
conſider S in the center, of the circle, without any ſenſi- 


ble error. 
ä P 3 292. As 
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292. As we may, for the purpoſes which we ſhall 
here want to conſider, conceive the earth's orbit 4FB2 
to be a circle, and therefore to coincide wth A Z B, 
if from the center C we draw CY parallel to Ss, 
of „F, „ will be the point in that circle cor- 
reſponding to 5 in the circle NV; and as Fs = gon, 
the apparent place af the ſtar in the circle af aberration 
is always go? before the place of the earth in it's orbit, 
and conſequently the apparent angular velocity of the 
ſtar and earth about their reſpective centers are always 
equal. It is further ſuppoſed, that the ſtar & is at an 
indefinitely great diſtance ; for the true place of the ſtar 
is ſuppoſed not to be altered from the motion of the 
earth, and conſidering FS as always parallel to itſelf, 
it will always be directed to S' as a fixed point in the 


| heavens, Hence alſo, as the apparent place of the ſun 


is oppoſite to that of the earth, the apparent place of 
the ſtar in the circle of aberration is go bekind that of 
the ſun. | 

293. As a ſmall part of the heavens may be con- 
ceived to be a plane perpendicular to a line joining the 
ſtar and eye, it follows from the principles of ortho- 
graphic projection, that the circle parallel to the 
ecliptic deſcribed by the apparent place of the ſtar, 
projected 1;pon this plane, will be an ellipſe ; the ap- 
parent path of the ſtar in the heavens will therefore be 
an ellipſe, and the major axis will be to the minor as 


radius to the fine of the ſtar's latitude, For let CE be 


the plane of the ecliptic, P it's pole, PE a ſecondary 
to it, PC perpendicular to EC, C the place of the 
eye, and let 46 be parallel to CE, then it will be that 
diameter of the circle aubm of aberration which is 
ſeen moſt obliquely, and conſequently that diameter 

| | which 
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which is projected into the minor axis of the ellipſe; 
let my be perpendicular to ab, and it will be ſeen 


P 


4 


EE 


directly, being perpendicular to a line drawn from it 
to the eye, and therefore will be the major axis ; draw 
Ca, Cbd, and ad is the projection of ab; and as ad 
may be conſidered as a ſtraight line, we have mn, or 
ab, the major axis: ad the minor :: rad. ; fin. 46 d, 
or ECd the ſtar's latitude, As the angle bad is the 
complement of 40d, or of the ſtar's latitude, the circle 
is projected upon a plane making an angle with it equal 
to the complement of the ſtar's latitude. 

294. As the minor axis da coincides with a ſecon- 
dary to the ecliptic, it muſt be perpendicular to it, and 
the major axis - is parallel to it, it's poſition not 
being altered by projection. Hence, in the pole of 
the ecliptic, the ſine of the ſtar's latitude being radius, 
the ellipſe becomes a circle; and in the plane of the 
ecliptic, the fine of the ſtar's latitude being = o, the 
minor axis vaniſhes, and the ellipſe becomes a ſtraight 
line, or rather a very ſmall part of a circular arc. 

295. To find the aberration in /atitude and longitude. 
Let 430 D be the earth's orbit ſuppoſed to be a 


P 4 circle 
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cirdeiwith: the ſun in the center at x, and conceive P 
\ to be in a line drawn from x perpendicular to ABCD, 


„W. 


lo glog 2411 | 5 
and to repreſent the pole of the ecliptic; let ò be the 
true place of the ſtar, and conceive apcq to be the 
circle of aberration parallel to the ecliptic, and abcd 
the ellipſe into which it is projected; let / T be an arc 
of the ecliptic, and draw the ſecondary PSG to it, 
and (Art. 29g) it will coincide with the minor axis 54 
| * int 


ON THE ABERRATION OF. LIGHT. 233 


into which the diameter pq is projected; draw GC xA, 
and it is parallel to pg, and BSc D perpendicular to 
AC muſt be parallel to the major axis ac; then 
when the earth is at A, the ſtar is in conjunction, and 
in oppoſition when the earth is at C. Now as the 
place of the ſtar in the circle of aberration is (Art. 292) 
always go? before the earth in it's orbit, when the 
earth is at A, B, C, D the apparent places of the ſtar 
in the circle will be at a, p, c, 9, or in the ellipſe at 
a,b, c, d; and to find the place of the ſtar in the cir- 
cle when the earth is at any point E, take the angle 
p85*=ExB, and 5s will be the correſponding place of 
the ſtar in the circle; and to find the projected place 
in the ellipſe, draw av perpendicular to Sc, and vt per- 
perdicular to Sc in the plane of the ellipſe, and z will 
be the apparent place of the ſtar in the ellipſe; join 57, 
and it will be perpendicular to vr, becauſe the projec- 
tion of the circle into the ellipſe is in lines perpendicu- 
lar to the ellipſe; draw the ſecondary Pvt K, which 

will, as to ſenſe, coincide with v7, unleſs the ſtar be 
very near to the pole of the ecliptic; therefore the 
rules here given will be ſufficiently accurate, except in 
that caſe. Now as cv is parallel to the ecliptic, 5 
and v muſt have the ſame latitude; hence vt is the 
aberration in latitude ; and as G is the true, and K the 
apparent place of the ſtar in the ecliptic, GX is the 
aberration in longitude. To find theſe quantities, put 
m and 1 for the ſine and coſine of the angle sSc, or Cx E 
the earth's diſtance from ſyzygies, radius being unity; 
and as (Art. 293) the angle v the complement of the 
ſtar's latitude, the angle vs? = the ſtar's latitude, for 


The line Ss is wanting in the Figure, 


234 ON THE ABERRATION OF LIGHT ; 


the ſine and coſine of which put v and , and put 
ra or Ss; then in the right angled triangle Ssv, 
I:m i: r: SVU=rm; hence, in the triangle vr, 1: 
o 3: rm: tyu=rvm the aberration in latitude. Alſo, in 
the triangle S5v, 1:8 :: r; vS=rn, hence, w (Art. 


> SW WMA GK=— the aberration in Jongitude. 


When the earth 1s in 3 mM=0, therefore there is 
no aberration in latitude ; and, as # is then greateſt, 
there is the greateſt aberration in longitude; if the 
earth be at A, or the ſtar in conjunction, the apparent 
place of the ſtar is at a, and reduced to the ecliptic at 
H, therefore GH is the aberration, which diminiſhes 
the longitude of the ſtar; the order of the ſigns being 
T; but when the earth is at C, or the ſtar in 
oppoſition, the apparent place c reduced to the ecliptic 
is at F, and the aberration G increaſes the longitude; 
hence, the longitude is the greateſt when the ſtar is in 
oppoſition, and leaſt when in conjunction. When 
the earth is in quadratures at D or B, then «=o, and 
1 is greateſt, therefore there is no aberration in longi- 
rude, but the greateſt. in latitude ; when the earth is 
at D, the apparent place of the ſtar i is at d, and the 
latitude is there increaſed ; but when the earth is at B, 
the apparent place of the ſtar is at h, and the latitude is 
diminiſhed ; hence, the latitude is leaſt in quadrature - 
before oppoſition, and greateſt in quadrature after. 
From the mean of a great number of obſervations, 
Dr. BRADLEY determined the value of r to be 20”. 


{ 
g 
1 
| 
| 


Ex. 1. What 1s the greateſt aberration in latitude 
and longitude of y Ur/z minoris, whoſe latitude is 70˙. 
13. Here m I, "OR the ine of 7.5". 13'; hence, 


20” * 
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20” x ,9669 = 19% 34 the greateſt aberration in /atitude, 
For the greateſt aberration in longitude, » = 1, w= 


,2551'; hence, 


= f 1 78”,4 the greateſt aberration in 
longitude, 


»25 


Ex. 2. What is the aberration in latitude and lon- 
gitude of the ſame ſtar, when the earth is 30 from 
ſyzygies? Here m=,5; hence, 19",34 x ,5 = 9",67 
the aberration in /atitude. If the earth be 30 beyond 
conjunction or before oppoſition, the latitude is dimi- 
niſhed ; but if it be 30* after oppoſition or before con- 
junction, the latitude is increaſed. Alſo, 12,866; 
hence, 78”,4 x ,866 6%, 89 the aberration in Jongitude. 
If the earth be 30® from conjunction, the longitude is 
diminiſhed ; but if it be 30% from oppoſition, it is 
increaſed, | | 5 | 


Ex. 3. For the Sun, mo and =, W=1 ; hence, 
it has no aberration in latitude, and the aberration in 
longitude r 20” conſtantly. This quantity 20” of 
aberration of the ſun anſwers to it's mean motion in 8. 
7”. 30% which is therefore the time in which the light 
moves from the ſun to the earth at it's mean diſtance 
Hence, the fun always appears 20” backwarder than 
it's true place, | 


296. To find the aberration in vit aſcenſion, and de- 
clination. Let AE L be the equator, p it's pole, ACL 
the ecliptic, P it's pole, & the true place of the ſtar, 5 
the apparent place in the ellipſe ; draw the great circles, 
PSa, P5b, pSw, pSv, and Sv, St perpendicular 

to 
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to Pb, p. Nowe v =r vm (Art. 295); 


3 


XK RET ITE” 
alſo, Sv rn; hence, ron (vs) : rn (Sv) :: rad. 
1 I | 


— = = 2 colec. 
vw ſin. 2 lat. 


tan. SS : =( as 
8 5 v 


2 lat.) coſine of earth's diſt. from ſyz. x 2 coſec. 2 lat. 


Thus we immediately compute the angle Ss vz 
compute alſo the angle of poſition Psp from the 
three ſides of that triangle being given, and we xt 
the angle Ssp, it being the ſum or difference of 
Sg and Pep. Put à and for the fine and coſine 
of Ssv, c and d for the fine and coſine of S5sp; then 
b: d:: o (run) : $t rum x "=20" x vm x 5 the 
aberration in declination; and a: :: SV (=rn) 


| ruc St 

*df =——; Art. Wi = =—_— u* 
S y hence ( 13), V ( 7 ) 20"X 

_ the aberration in right aſcen/ion. 


CHAP. 
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ON THE ECLIPSES OF THE SUN AND MOON. 


x Att, 297. AE eclipſe of the Moon is cauſed by it's 

entering into the earth? s ſhadow, and 
3 it muſt happen when the moon is in 
oppoſition to the ſun, or at the full moon. An eclipſe 
of the Sun is cauſed by the interpoſition of the moon 
between the earth and ſun, and therefore it muſt 
happen when the moon is in conjunction with the ſun, 
or at the new moon. If the plane of the moon's orbit 
coincided with the plane of the ecliptic, there would 
be an eclipſe at every oppoſition and conjunction; but 
the plane of the moon's orbit being inclined to the 
ecliptic, there can be no eclipſe at oppoſition or con- 


junction, unleſs at that time the moon be at, or near 
to the node. For let M Mmm be the orbit of the 


moon, and let the other circle repreſent the plane of 
the earth's orbit, or that plane in which the ſan 8, & 
appears as ſeen from the earth E, and let theſe two planes 
de inclined to each other, ſo that we may conceive the 
part MM m to lie above, and the part mm'M below the 
plane of the earth's orbit; and M. j are the nodes. Now 
if the moon be at M, in conjunction, the three bodies 
are then in the ſame plane, and therefore the moon is 
interpoſed between the earth and ſun, and cauſes an 
eclipſe of the ſun, But if the moon be at M when 

de 


— — — — — Sg a+ 
= 
—_ __ * 
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the ſun comes into conjunction at &, M is now 
elevated above the line joining E and &, and M 


0, 


2 


If 1 Fg 
| . li; 


ſ 


may be ſo far from M, that the moon may not be in- 
terpoſed between E and &, in which caſe there will be 
no eclipſe of the ſun. Whether therefore there will 

be an eclipſe of the ſun at the conjunction, or not, 
= depends upon the diſtance of the moon from the node 
1 A2t that time. If the moon be at at the time of op- 
Fl poſition, then the three bodies being in the ſame plane, 

the ſhadow EV of the earth muſt fall upon the moon, 
and the moon muſt ſuffer an eclipſe. But if the moon 
be at 4 at the time of oppoſition, m may be fo far 
below 


% 
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below the ſhadow Ev of the earth, that the moon may 
not paſs through it, in which -caſe there will be no 
eclipſe. Whether therefore there will be a lunar eclipſe 
at the time of oppoſition, or not, depends upon the diſ- 
tance of the moon from the node at that time. If the 
two planes coincided, there would evidently be a central 
interpoſition every conjunction and oppoſition, and 
conſequently a total eclipſe. Mero, who lived 
about 430 years before Car15T, obſerved, that after 
19 years, the new and full moons returned again on the 


ſame day of the month. The ancient Aſtronomers 


alſo obſerved, that at the end of 18 years 10 days, a 
period of 223 lunations, there was a return of the ſame 
eclipſes; and hence they were enabled to foretel when 
they would happen. This is mentioned by PII xX 
the Naturaliſt, Lib. II. Ch. 13. and by ProLlEux, 
Lib. IV. Ch. 2. This reſtitution of eclipſes depends 
upon the return of the following elements to the fame 
ſtate. —- 1. The ſun's place. 2. The moon's place. 


3. The place of the moon's apogee. 4. The place of | 


the aſcending node of the moon. The exact reſtitution 
of theſe can never take place; but it ſo nearly happens 
in the above time, as to produce eclipſes remarkably 
correſponding. In this manner Dr. HAaLLEy predicted 
and publiſhed a return of eclipſes from 1700 to 1718, 
many of them corrected from obſervations ; together 
with the following elements. — 1. The apparent time 
of the middle. 2. The ſun's anomaly. z. The 
annual argument. 4. The moon's latitude. He ſays, 
that in this period of 223 lunations there are 18 years 
10 or 1T days (according as there are five or four leap- 
years) 7/. 431; that if we add this time to the middle 
of any eclipſe obſerved, we ſhall have the return of a 


' correſponding 
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correſponding one, certainly within 14. 30“; and that 


by the help of a few equations, we may find the like 
| ſeries of * for ſeveral 7 


To Calculate an in Eclipſe of the Moon. 


mY The firſt thing to be done, is to find there time 
of the mean * oppoſition. To get which, from the 
Tables of Epacts , amongſt the Tables of the moon's 
motion, take out the epact for the year and month, 
and ſubtract the ſum from 29d. 12. 44. 3“, one 
ſynodic revolution of the moon, or two if neceſſary, ſo 
that the remainder may be leſs than a revolution, and 
that remainder gives the time of the mean conjunction. 
If to this we add 14d. 18h. 22. 1“, 5, half a revolution, 
it gives the time of the next mean oppoſition; or if we 
ſubtract, it gives the time of the preceding mean op- 


poſition. If it be leap- year, in January and February 
ſubtract a day from the ſum of the epacts, before you 
make the ſubtraction. When the day of the mean 
1 is o, 1 it denotes the laſt day of the cov 


* 


| | 3 . n 


The time of the nean oppoſition, is the time when the oppoſi- | 
tion would have taken ou if the motions of the bodies had been 
uniform. 

+ The _ for any year is the age of the moon at the beginning 
of the year from the laſt mean conjunction, that is, from the time 
wheh the mean longitudes of the ſun and moon were laſt equal. 
The epact for any month is the age which the moon would have had 
at the beginning of the month, if it's age had been nothing at the 


beginning of the year; therefore if to the epact for the year the 


epact for the month be added, the ſum taken from 29d. 124. 41. 3”, 
or from twice that quantity if the ſum exceed it, muſt give the 


time of mean conjunction. \ 
„ Ig 


. = ws "2 
419 EN _” PR * 
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Ex. To find the times of the mean new and full 
moon's in February, 1795. 


Epact 1795 gf. 1 Þ x 
February *- - 1. 11. 15. 57 


Mean new moon 18. 14. 21. 49 
14. 18. 42. 1, 


— ——_ 


| Mean full moon 3. 19. 59. 47,6 


——— 


299. To determine whether an eclipſe may happen 
at oppoſition, find the mean longitude of the earth at 
the time of mean oppoſition, and alſo the longitude of 
the moon's node; then, according to NMI. Cassinr, if 
the difference between the mean longitudes of the earth 
and the moon's node be leſs than 42. 3o', there muff 
be an eclipſe ; if it be greater than 145. 3o', there 
cannot be an eclipſe ; but between 74?. 30“ and 149. 300 
there may, or may not be an eclipſe. M. de LaMBRE 
makes theſe limits 7. 47 and 13. 21“ *. 


Ex. To find whether there will be an eclipſe at the 
full moon on February 3, 1795. 


\ 


Sun's - 


* This may be found from Art. 306. by finding the true limit, 
and then applying the greateſt difference of the true and mean 
places. | 


VoL, IV. Q 
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Sun's mean long, at 34. 105. 50. 47.6 100. 13%. 2, 2058 


— 


Mean long. of the earth ng 4. 13. 27. 20, 8 


Long. of the moon's nde 1 ö 
Difference . . - . 6, 26. 32, 3 
Hence, there muſt be an Pe 


bn thus” all the new and full moons for 4 
month before and a month after the time at which the 
ſun comes to the place of the nodes of the lunar orbit, 
and you will be ſure not to miſs any eclipſes. Or 
having the eclipſes for the laſt 18 years, if you add to 
the times of the middle of theſe eclipſes, 185. 10d. 74. 
43%» or 18y. 11d. 7h. 43˙1, (Art. 297) it will give the 
times when you may expect the eclipſes will return. 

300. To the time of mean oppoſition, compute the 
true longitudes of the ſun and moon, and the moon's 
true latitude; and find, from the Tables of their 
motions, the horary motions of the ſun and moon in 
longitude, and the difference (d) of their horary 
motions is the relative horary motion of the moon in 
reſpect to the ſun, or the motion with which the moon 


approaches to, or recedes from the ſun ; find alſo the 


' moon's horary motion in latitude ; and ſuppoſe at the 
time (t) of mean oppoſition, the moon is at the diſtance 
(m) from oppoſition ; then, d: m:: 1 hour: the time 
(ww) between F and the oppoſition, which added to, or 
ſubtracted from the time t, according as the moon is 

not yet got into oppoſition, or is beyond it, gives the 
time of the ecliptic oppoſition. 
301. To find the place of the moon in oppoſition, ; 
let # be the moon's horary motion in longitude ; then, 
1 hour: 
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1 hour: w :: # : the increaſe of the moon's longitude 
in the time ww, which applied to the moon's longitude 
at the time of the mean oppoſition, gives the true 
longitude of the moon at the time of the ecliptic op- 
poſition. The oppoſite to that muſt be the true 
longitude of the ſun. Find alſo the moon's true 
latitude at the time of oppoſition, by ſaying, 1 hour: 
0 :: the horary motion in latitude : the motion in 
latitude in the time w, which applied to the moon's 
latitude at the time of the mean oppaſition, gives the 
true latitude at the time of the true oppoſition v. In 
like manner you may compute the true time of the 
ecliptic. conjunction, and the places of the ſun and 
moon for that time, when you calculate a ſolar eclipſe. 
3oa. With the ſun's horary motion in longitude, 
and the moon's in longitude and latitude, find the 
inclination of the relative orbit, and the horary motion 


S - 


B. 


3 


upon it. To do this, let LM be the horary motion 


of 

* For greater certainty you may compute again, from the Tables, 
the places of the ſun and moon, and if they be not exactly in oppo- 
| ſition, which probably may not be the caſe, as the moon's longitude 
does not increaſe uniformly, repeat the operation. This accuracy, 
however, in cclipſes is generally unneceflary ; for the beſt lunar 


Tables cannot be depended upon to give the moon's longitude 
nearer than 30”; therefore the probable error from the Tables is 


vaſtly greater than that which ariſes from the motion in longitude not 
being uniform. Unleſs therefore very great accutacy be required, 
| this operation is unneceſſary. 

. 2 


, ED TL 


— 3 — 


* 
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of the moon in longitude, SA that of the fun ; draw 


Me perpendicular to LM, and equal to the moon's 


borary motion in latitude; take 5 5 Ma, and parallel 
to it, and join La, L4; then La is the moon's true 
orbit, and Lb it's relative orbit in reſpe& to the ſun, 
Hence, LS (the difference of the horary motions in 
longitude) : S (the moon's horary motion in lati- 
tude): :: radius: tan. 6 LS, the inclination of the 
. relative otbit ; and coſ 5 LS: radius :: LS: Lb, the | 
horary motion in the relative orbit. 

30g. At the time of oppoſition, find, from the 
- Tables, the moon's horizontal parallax, it's ſemidiame- 
ter, and the ſemidiameter of the ſun, the horizontal 
parallax-of which we may here take 909. 
g30og. To find the ſemidiameter of the earth's ſhadow 
at the moon, ſeen from the eatth. Let AB be the 


Ak 44 
| 
* = FTW 1 
11 
R 


f 6 B 


diameter of the fun, TR the diameter of the earth, O 
and C their centers; produce AT, B R to meet at I, and 
draw OCT; let FGH be the diameter of the earth's 
ſhadow at the diſtance of the moon, and join OT, CF. 
Now the angle FCG=CFA= CIA, but CLA=O TA 
- TOC, therefore FCG=CFA—OTA+TOC, that 
is, the angle under which the ſemidiameter of the earth's 
Shadow at the moon appears, is equal to the ſum of the 
Ne parallaxes of the Jun and moon diminiſhed by the 


— 
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apparent ſemidiameter of the fun. In eclipſes of the 
moon, the ſhadow is found to be a little greater than 
this Rule gives it, owing to the atmoſphere of the 
earth. This augmentation of the ſemidiameter is, 
according to M. Cass1nt, 20”; according to M. 
MoxxIRR, 30“; and according to M. de la Hinxx, 


50“. Max xx thinks the correction is about — of the 


femidiameter of the ſhadow, or that you may add as 
many ſeconds as the ſemidiameter contains minutes. 
Some computers always add 500% * Wa may be 
ſubje& to ſome uncertainty. 

305. As the angle CIT (= =OTA- 20001 is 8 
we have fin. TIC : coſ. TIC :: TC: CI the length of 
the earth's ſhadow. If we take the angle A TO=16'.3" 
the mean ſemidiameter of the ſun, TOC=9g"”'the 
horizontal parallax of the ſun, we have CIT I 5. 843 
hence, ſin. 15“. 54: coſ. 15. 54“ or 1: 216,24, :: 
TC: CI=216,2 TC. | 

306. Let the circle whoſe center is L repreſent the 
ſection of the earth's ſhadow at the moon, EN the 


ecliptic, NM the moon's orbit; draw Lu perpendicular 
to NM, and Lv perpendicular to NL, and let the 
moon at n juſt touch the earth's ſhadow at 7 externally; 


an | ſo 


8 
* 
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ſo that L may be the ſum of the radii of the moon 


* 


and earth's ſhadow; then to determine when this 
happens, we may take the angle at N = . 17', which 
is very nearly it's value in all eclipſes, the inclination 
of the lunar orbit oy at that time always greateſt; 
hence, fine 5*. 17' : rad. :: fin. Lm : fin. LN; now 
the greateſt value of Lm is about x, 3 30”; hence, 
the correſponding value of LN = 11*. 34'; when, there- 
fore, LN is greater than that quantity, there can be no 
eclipſe. If Lm=Lr xm, or the limbs touch inter- 
nally, the eclipſe will be juſt total; hence, if the 
diſtance of the moon's node from the place of the 
earth be leſs, than the computed value of LN in. this 


caſe, there muſt he a total eclipſe of ſome duration. 


If therefore it was before doubtful, and it now appears 


that there will be an n eclipſe, proceed as follows to 


compute It, 
307. Let Arz be that half of the earth's ſhadow 


{fl 0 q Fe Liid ED ; 
10 {ll 0 * 
i | {|} Wh: 5 ' N hf ” 
0 1 i 


0 1 t WW; 00 


which the moon paſſes through, ML the relative orbit 
of the moon; draw Cmr perpendicular to NL, 
and let 2 be the center of the moon at the be- 
ginning of the eclipſe, m at the middle, x at the end; 
alſo 


, 
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alſo let AB be the ecliptic, and Cn perpendicular to it. 
Now in the right angled triangle Cum, we know Cn 
the latitude of the moon at the time of the ecliptic 
conjunction, and (Art. 302) the angle Cum * the 
complement of the angle which the relative orbit of 
the moon makes with the ecliptic; hence, radius : cof. 
Cum :: Cu: nm, which is called the Reduction; and 
radius : fine Cum :: Cn: Cm. The horary motion 
(4) of the moon upon it's relative orbit being known, 
we know the time of deſcribing mn, by ſaying, *: 
mu :: 1 Jour: the time of deſcribing mn. Hence, 
knowing the time of the ecliptic conjunction at u, 
we know the time of the middle of the eclipſe at 
m. Next, in the right angled triangle Cmz, we 
know Cm, and Cz the ſum of the ſemidiameters of 
the earth's ſhadow and the moon, to find mg, 8 hich 

is done thus by logarithms ; ; as mE VC Z = Cm* = 
VCz + Cm „ Cz Cn, the log. of mz ITK 
bog. Cz + Gm + log. Cz — Cm. | Hence, the horary 
motion of the moon being known, we know the time 
of deſcribing zm, which ſubtrafted from the time at m 
gives the time of the beginning, and added, gives the 
time of the end. The magnitude of the eclipſe 
at the middle is repreſented by ir, which is the 
greateſt diſtance of the moon within the earth's 
ſhadow, and this is meafured in terms of the diameter 
of the moon, conceived to be divided into 12 equal 
parts, called Digits, or Parts deficient z to find which, 
X | _ 


„jf the moon at u have north or ſouth latitude increaſing, the 
angle Cn m is to be ſet off to the right; otherwiſe, to the left of Cn. 


EE. 
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we know Cn, the difference between which and Cr 
gives mr, which added to #:7, or if m fall out of the 
ſhadow; take the difference between mr and unt, and we 
get tr; hence, to find the number of digits eclipſed, 
ſay, mr : tr :: 6 digits, or 360', (it being uſual to divide 
a digit into 60 equal parts, and call them minutes,): 
de digits eclipſed. If the latitude of the moon be 
north, we uſe the upper ſemicircle; if ng we take 

the lower, 

308. if the earth had no atmoſphere,” when bh 
moon was totally eclipſed it would be inviſible; but 
by the refraction of the atmoſphere, ſome” rays will 
be brought te fall on the moon's ſurface, upon 
| which account the moon will be viſible at that 
time; and appear of a duſky red colour. M. 
Maxar Df (Mem de I Arad. 1523) has obſerved, that, 
in general, the carth's umbra, at à certain diſtance, 
is divided by a kind of penumbra, from the refraction 
of the atmoſphere. This will account for the 
circumſtance of the moon being more vilible in ſome 
| total eclipſes than in others. It is ſaid, that the moon, 
in the total eclipſes in 1601, 1620 and 1642, entirely 
diſappeared. | | | 

309. An eclipſe of the moon arifi ing from it's real 
de civation of light, muſt appear to begin at the ſame 
inſtant of time to every place on that hemiſphere of the 
earth which is turned towards the moon. Hence, it affords 
a very ready method of finding the difference of lon- 
. gitudes of places upon the earth, as will be afterwards 
explained. The moon enters the penumbra of the 
earth before it comes to the umbra, and therefore it 

gradually: loſes it's light; and the penumbra is ſo dark 
; | Juſt 
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juſt at the umbra, that it is difficult to aſcertain the 
exact time when the moon's limb touches the umbra, 
or when the eclipſe begins. When the moon has 
entered into the umbra, the ſhadow upon it's diſc is 
tolerably well defined, and you may determine, to a 
conſiderable degree of accuracy, the time when any 
ſpot enters into the umbra. Hence, the beginning 
and end of a lunar eclipſe are not fo proper to deter- 
mine the longitude from, as the times at which the 
umbra touches any of the ſpots. 


On an Eclipſe of the Sun. 


310. An eclipſe of the ſun is cauſed by the interpo- | 
ſition of the moon between the ſun and ſpectator, or 
by the ſhadow of the. moon falling on the earth at the 
place of the obſerver. The different kinds of eclipſes 
will be beſt explained by a figure. Let & be the ſun, 
M the moon, AB or AN the ſurface of the earth; 
draw tangents pæxvs, qzvr from the ſun to the ſame 
fide of the moon, and xb will be the moon's umbra, 
in which no part of the ſun can be ſeen; if tangents 
p1b4, qwac be drawn from the ſun to the oppoſite ſides 
of the moon, the ſp4&& comprehended between the 
umbra and w ac, t hd, is called the peuumbra, in which 
part of the fun only 1s ſeen. Now it is manifeſt, that 
if AB be the ſurface of the earth, the ſpace mn where 
the umbra falls will ſuffer a zozal eclipſe ; the part am, 
bn between the boundaries of the umbra and penumbra 
will ſuffer a partial eclipſe; but to all the other parts 

n of 
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. ol the earth there will be no eclipſe. Now let AB be | 


ent aha canb, che earth being, at different 


times, at different diſtances from the moon; then the 


ſpace within 7s will ſuffer an annular eclipſe; for if 
tangents be drawn from any point o within 75 to the 
moon, they muſt evidently fall within the ſun, there- 
fore the ſun will appear all round about the moon 
in the form of a ring; the parts cr, 5d, will ſuffer a 
partial eclipſe; and the other parts of the earth will 
fuffer no eclipſe. In this caſe, there can be no total 
eclipſe any where, as the moon's umbra does not - 
reach the earth. According to M. du Szjous, an 
_ eclipſe 
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eclipſe can never be an annular longer than 12', 24“, 
nor total longer than 7. 58", 

311. The umbra xvz is a cone, and the penumbra 
wedt the fruſtrum of a cone whoſe vertex is V. 
Hence, if theſe be both cut through their common 
axis perpendicular to it, the ſection of each will be a 
circle, having a common center in the line joining the 
centers of the ſun and moon, and the penumbra in- 
cludes the umbra. | 

312. The moon's mean motion about the center of 
the earth is at the fate of about 33“ in an hour; but 
33 of the moon's orbit is about 2280 miles, which 
therefore we may conſider as the velocity with which 
the moon's ſhadow paſſes over the earth; but this is 
the velocity upon the ſurface of the earth where the 
ſhadow falls perpendicularly upon it, it being the 
velocity perpendicular to Mv; in every other place, 
the velocity over the ſurface will be increaſed in the 
proportion of the fine of the angle which Mu makes 
with the ſurface in the direction of it's motion, to 
radius. But the earth having a rotation about it's 
axis, the relative velocity of the moon's ſhadow over 
any given point of the ſurface will be different from 
this; if the point be moving in the direction of the 
ſhadow, the velocity of the ſhadow in reſpect to that 
point will be diminiſhed, and conſequently the time in 
which the ſhadow paſſes over it will be increaſed; but if 
the point be moving in a direction contrary to that of 
the ſhadow, as 1s the caſe when the ſhadow falls on 
the other ſide of the pole, the time will be diminiſhed. 
The length of a ſolar eclipſe is therefore affected by the 
earth's rotation about it's axis. | 
| | b 313. The 


s | 


ſin CN. 
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313. "The ecliptic limits may be found in this 
manner. Let * be the ecliptic; N de moon's n 


A the meg 5 the an. and mr the radius of the 


- moon's penumbra juſt paſſing by the earth and touching 
it externally, and draw Cn perpendicular to CN; then 


Cm when greateſt 1 is 1. 34. 27“, and taking the . 
N= g'. 1½, we have, fin. 3*. 1) : rad. g: fin. 15. 34. 

27 Eα NL = 17%. 21“. 27”, and as the value of mn 
is only 9, we may take this value of LN to be the 
earths diſtance” from the node at the time of the 
ecliptic conjunction; if therefore that diſtance be leſs 
an 14% 21“, 2)“ at the time of the ecliptic conjunc- 
tion, there may be an eclipſo. If rm be taken equal to 
the radius of the umbra, we, in like manner, may find 
the tim for a total eclipſe. Between theſe limits, the 


eclipſe. will be partial. 


314. An eclipſe of the ſun, or uw of the earth, 
without reſpect to any particular place, may be calcu- 
lated exactly in the ſame manner as an eclipſe of the 
moon, that is, the times when the moon's umbra or 
ere firſt touches and leaves the earth; but ” 
| fin 
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find the times of the beginning, middle and end at any 
particular place, the apparent place of the moon, as 
ſeen from thence, - muſt be determined, and conſe- 
quently it's parallax in latitude and longitude muſt be 
computed, which renders the calculation of a ſolar 
* extremely long and 2 


To. Calculate an Eclipſe of the Sun for any partculr 


315. Having determined (Art. 3 13) that there will 
be an eclipſe ſomewhere upon the earth, compute, by 
the Aſtronomical Tables, the true longitudes of the 
ſun and moon, and the moon's true latitude, at the 
time of mean conjunction (Art. zor); find alſo the 
horary motions of the ſun and moon in longitude, and 
the moon's horary motion in latitude; and compute 
the time of the ecliptic conjunction of the ſun and 
moon, in the ſame manner (Art. zoo) as the time of 
the ecliptic oppoſition was computed. At the time of 
the ecliptic conjunction, compute (Art. 301) the ſun's 
and moon's longitude, and the moon's latitude ; find 
alſo the horizontal parallax of the moon from the Tables 
of the moon's motion, from which ſubtract the ſun's 


horizontal parallax, and you get the horizontal . | 


of the moon from the ſun. 

316. To the latitude of the given place, and the 
horizontal parallax of the moon from the fun 
(which we here uſe inſtead of the horizontal 
parallax of the moon, as we want to find what effe& 
the parallax has in altering their apparent relative 
ſituations,) at the time of the ecliptic conjunction, 

compute 


— 


parallax in latitude and longitude from the ſun; apply 
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compute (Art. 144) the moon's parallax in latitude 
and longitude from the ſun ; the parallax in latitude 
applied to the true latitude gives the apparent latitude 
(L) of the, moon from the ſun; and the parallax in 
longitude ſhows the apparent difference (D) of the 
longitudes of the ſun and moon. 

317. Let & be the ſun, EC the ecliptic ; take SM 
=D, draw MN perpendicular to MS, and take it = 


TY 


E 


L, then N is the apparent place of the moon, and 


SN=v/ DFT i Is the apparent diſtance of the moon 
from the ſun. 

318. If the moon be to the eg of the aaa 
degree, the parallax increaſes the longitude ; if to the 
weſt, it diminiſhes it; hence, if the true longitudes of 
the ſun and moon be equal, 1n the former caſe the ap- 
parent place will be from $ towards E, and in the 
latter, towards C. To ſometime, as an hour, after the 
true conjunction if the apparent place be towards C, or 
if che moon be to the we/? of the nonageſimal degree; 
or before the true conjunction if the apparent place be 
towards E, or if the moon be to the eaff of the nonage- 
ſimal degree, find the ſun's and moon's true longitude, 
and the moon's true latitude, from their horary mo- 
tions; and to the ſame time compute the moon's 


the 
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the parallax in latitude to the true latitude, and it gives 
the apparent latitude (1) of the moon from the fun ; 
take the difference of the fun's and moon's true longi- 
tude, and apply the parallax in longitude, and it gives 
the apparent diſtance (d) of the moon from the fun in 
longitude. From 5 ſet off $P=4, and on EC ere 
the perpendicular P2 equal to /, and 2 is the apparent 
place of the moon at one hour from the true conjunc- 
tion; and S2(= // a +) is the apparent diſtance of 
the moon from the fun; draw the ſtraight line NS, 
and it will repreſent the relative apparent path of the 
moon, confidered as a ſtraight line, in general it being 
very nearly ſo; it's value alſo repreſents the relative 
dorary motion of the moon in the apparent orbit, the 
| relative horary motion in longitude being M. 
319. The difference between the moon's apparent 
diſtance in longitude from the ſun at the time of the 
true ecliptic conjunction, and at the interval of an 
hour, gives the apparent horary motion (r) in longi- 
tude of the moon from the ſun ; the difference (O) 
between the true longitude at the ecliptic conjunction, 
and the moon's apparent longitude, is the apparent 
diſtance of the moon from the ſun in longitude at the 
true time of the ecliptic conjunction; hence, r : D:: 
x hour: the time from the true to the apparent con- 
junction, conſequently we know the time of the ap- 
parent conjunction. To find whether this time is 
accurate, we may compute (from the horary motions 
of the ſun and moon) their true longitudes, and the 
moon's parallax in longitude from the ſun, and apply 
it to the true longitude, and it gives the apparent lon- 
gitude, and if this be the ſame as the ſun's longitude, 
the time of the apparent conjunction is truly found; if 


they 
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they be not the ſame, find from thence the true time, 
as before. To the true time of the apparent conjunc- 
tion, find the moon's true latitude from it's horary 
motion, and compute the parallax in latitude, and you 
get the apparent latitude at the time of the apparent 
conjunction. Draw S A perpendicular to CE and 
equal to this apparent latitude; then the point A will 
probably not fall in V2; but ſuppoſe it to fall in 
2N, to which draw SB perpendicular, and. NR 
parallel to PM. Then Hir ( Waage * — 
(=2P2>MN)Jwe have af} 2033 


| "NR: R2 :: rad. ;; : tan, 20K. 0 40 
| Sin. 2 NR: rad. m AR: V 


The time of deſcribing N2 in the apparent orbit 
being equal to the time from M to P in longitude, 
Ne is the horary motion in the apparent orbit. 7 


Rad. : fin; 8B: s: 4B. 
Rad. : col. 4883: AS : SB. 


320. At the apparent conjunction the moon appears 
at A, which time (Art. 319) is known; when the 
moon appears at B, it is at it's neateſt diſtance from 
the ſun, and conſequently the time is that of the 
greateſt obſcuration, (uſually called the time of the 
middle, ) provided there is an eclipſe, which will always 
be the caſe, when SB is leſs than the ſum of the apparent 
ſemidiameters of the ſun and moon. If therefore ut 
appears that there will be an eclipſe, we proceed thus 


to find it's quantity, and the beginning and end. As 


r the motion to be uniform. 2 N: AB:: 
the 


be line M is. eee ab an 16 int PO. 
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the time of deſcribing Ne : the time of deſcribing 
AB, which added to or ſubtracted from the time at Ay 
(according as the apparent latitude is decreaſing or in- 
creaſing,) gives the time of the greateſt obſcuration. 2 

321. From the ſum of the apparent ſemidiameters 
of the fun and moon ſubtract BS, and. the remainder 
ſhows how much of the ſun. is covered by the moon, 
or the parts deficient ; hence, ſemid. O: parts defi- 
cient :: 6 digits: the digits eclipſed. If SB be leſs 
than the difference of the ſemidiameters of the ſun and 
moon, and the moon's ſemidiameter be the greater, 
the eclipſe will be total; but if it be the Jeſs, the eclipſe 
will be annular, the ſun appearing all round the moon; 
if B and S concide, the eclipſe will be central. 

322. Produce, if neceſſary, 2N, and take SY, SM, 
equal to the ſum of the apparent ſemidiameters of the 
ſun and moon, at the beginning and end reſpectively; 
then BY = / SY*— SB*, and B= V SH* — FZ and 
to find the times of deſcribing theſe ſpaces, fay, as the 
hourly mot ion of the moon in the apparent orbit, or NS, : 
BY :: I hour: the time of deſcribing V; and N.2 : BM: 
1 hour : the time of deſcribing B M, which times re- 
ſpectively ſubtracted from and added to the time of the 
greateſt obſcuration, give nearly the times of the be- 
ginning and end. But if accuracy be required, a dif- 
ferent method muſt be adopted; for we ſuppoſe tobe 
be a ſtraight line, which ſuppoſition will, in general, cauſe 
errors, too conſiderable to be neglected. It may however 
always ſerve as a rule to aſſume the time of the begin- 
ning and end. Hence it follows, that the time of the 
greateſt obſcuration at B, is not neceſſarily equidiſtant 
from the beginning and end. 

Vorl. IV. R 323. If 
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323. If the eclipſe: be total, take Sv, Sv equal to 


the difference of the ſemidiameters of the ſun and 


moon, and then Bv= Bww=y/ $7 = V from whence 
we may find the times of deſcribing Bo, Bw, as before, 
which we may conſider as equal, and which apphed to 
the time of the greateſt obſcuration at B, give the time 


of the beginning and end of the total darkneſs. 


324. To find more accurately the time of the 


beginning and end of the eclipſe, we muſt proceed 


thus. At the eſtimated time of the beginning, find, 
from the horary motions, and the computed parallaxes, 


the apparent latitude YD of the moon, and it's ap- 


parent longitude DS from the ſun, and we have $ DP = 


and if this be equal to the apparent 
ſemid. « +ſemid. © (which ſum call &), the eſtimated 
time is the time of the beginning; but if SY be not 
equal to &, aſſume (as the error directs) another time 
at a ſmall interval from it, before, if & be Jeſs than S, 


but after, if it be greater; to that time compute again 


the moon's apparent latitude mv, and apparent longi- 
rude Sm from the ſun, and find Sv=\/Sm*+mv*; 


and if this be not equal to &, proceed thus; as the 


difference of Sv and SY : the difference of Sv and SL 


( z: the above aſſumed interval of time, or time of 


| the motion through Yv, : the time through vL, which 


added to or ſubtracted from the time at v, according 


-as Sv is greater or leſs than S L, gives the time of the 
beginning. The reaſon of this operation is, that 
as Nv, vL are very ſmall, they will be very 


nearly proportional to the differences of SY, Sv, and 
Sd, SL. But as the variation of the apparent diſtance 


of the ſun from the moon is not exactly in proportion 
4 | to 


WY + 
* :. g 
J 
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to the variation of the differences of the apparent lon- 
gitudes and latitudes, in caſes where the utmoſt accu- 
racy 1s required, the time of the beginning thus found 
(if it appear to be not correct) may be corrected, by 
aſſuming it for a third time, and proceeding as before. 
This correction however will never be neceſſary, except 
where extreme accuracy 1s required in order to deduce 
ſome conſequences from it. But the time thus found 
is to be conſidered as accurate, only ſo far as the Tables 
of the ſun and moon can be depended upon for their 
accuracy; and the beſt lunar Tables are ſubject to an 
error of 30“ in longitude, which, in this eclipſe, would 

make an error of about a minute an half in the time of 
the beginning and end. Hence, accurate obſervations 
of an eclipſe compared with the computed time, fur- 

niſhes the means of correcting the lunar Tables, 
In the ſame manner, the end of the eclipſe may be 
computed. 

325. As there are not many perſons who have an 
opportunity of ſeeing a total eclipſe of the ſun, we ſhall 
here give the phenomena which attended that on 
April 22, 1715. Captain STANNYAN, at Bern in 
Switzerland, fays, the fun was totally dark for four 
minutes and an halt; that a fixed ſtar and planet 
appeared very bright ; and that it's getting out of the 
eclipſe was preceded. by a blood-red ſtreak of light, 
from it's left limb, which continued not longer than 
ſix or ſeven ſeconds of time; then part of the ſun's 
diſc appeared, all on a ſudden, as bright as Venus was 
ever ſeen in the night; nay brighter, and in that very 
inſtant gave a light and ſhadow to things, as ſtrong as 

moon light uſed to do.” The inference drawn from 
| . R 2 theſe 
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theſe phænomena is, that the moon has an atmoſphere. 

J. C. Facis, at Geneva, ſays, © there was ſeen, 
driag ah whole time of the total immerſion, a white- 
neſs, which ſeemed to break out from behind the 
moon, and to encompaſs it on all ſides equally; it's 
breadth was not tlie twelfth part of the moon's diame- 
ter. Venus, Saturn, and Mercury were ſeen by many; 


and if the ſky had been clear, many more ſtars might 
have been ſeen, and with them Jupiter and Mars. 


Some Gentlewomen in the country ſaw more than 


16 ſtars; and many people on the mountains ſaw the 


ſky ſtarry, in ſome places where it was not overcaſt, as 


during the night at the time of the moon. The 


duration of the total darkneſs was three minutes.” 
Dr. J. J. ScxevcrzER, at Zurich, ſays, that “both 


. planets and fixed ſtars were ſeen; the birds went: to 


roolt ; the bats came out:of their holes ; and the fiſhes 
ſwam about; we experienced a manifeſt ſenſe of cold; 
and the dew fell upon the graſs. The total darkneſs 


laſted four minutes.” 


Dr. HAaLLey “, who obſerved this dip at Lon- 
don, has thus given the phenomena attending it. 
i« It was nete obſerved, that when the laft part of 
| the 
. * The Ds. begins his account thus. Though i it be certain from 
the principles of Aſtronomy, that there happens neceſſarily a cen- 
tral eclipſe of the ſun, in ſome part or other of the terraqueous 
globe, about twenty-eight times in each period of eighteen years; 
and that of theſe, noHefs than eight do paſs over the parallel of 
London, three of which eight are total with continuance : yet from 


dhe great variety of the elements, whereof the calculus of eclipſes 


conſiſts, it has ſo happened, that ſince March 20, 1140, | cannot 
find that there has been a total-eclipſe of the ſun ſeen at London, 
though in the mean time the ſhade of the moon ro obo praſs over 


other Foun of Great Britain. 
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the ſun remained on it's eaſt fide, it grew very faint; 
and was eaſily ſupportable to the naked eye, even 
through the teleſcope, for above a minute of time 
before the total darkneſs; whereas on the contrary, my 

eye could not endure the ſplendor of the emerging 
beams in the teleſcope from the firſt moment. To 
this perhaps two cauſes concurred ; the one, that the 
pupil of the eye did neceſſarily dilate itſelf during the 
darkneſs, which before had been much contracted by 
looking on the ſun. The other, that the eaſtern parts 
of the moon, having been heated with a day near as” 
long as thirty of ours, muſt of neceſſity have that part 
of it's atmoſphere replete with vapours, raiſed by the 

long continued action of the ſun ; and by conſequence, 
it was more denſe near the moon's ſurface, and more 
capable of obſtructing the luſtre of the fun's beams. 
Whereas at the ſame time the weſtern edge of the 

moon had ſuffered as long a night, during which time 
there might fall in dews, all the vapours that were 
raiſed in the preceding long day; and for that reaſon, 
that part of it's atmoſphere might be ſeen much more 
pure and tranſparent. 

About two minutes before the total ed; the 
remaining part of the ſun was reduced to a very fine 
horn, whoſe extremities ſeemed to loſe their acuteneſs, 
and to become round like ſtars. And for the ſpace'of 
about a quarter of a minute, a ſmall piece of the 
ſouthern horn of the eclipſe ſeemed to be cut off from 

the reſt by a good interval, and appeared like an 
' oblong ſtar round at both ends: which appearance 
could proceed ftom no other cauſe, but the inequalities 
of the moon's ſurface, there being ſome elevated parts 
thereof near the moon's ſouthern pole, by which inter- 

R 3 poſition, 
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poſition, part of that exceedingly * filament of light 
was intercepted. 

A few ſeconds before the ſun was totally hid, there 
Abend itſelf round the moon a luminous ring, 
about a digit, or perhaps a tenth part of the moon's 
diameter in breadth. It was of a pale whiteneſs, or 
rather pearl colour ſeeming to me a little tinged with 
the colours of the iris, and to be concentric with the 
moon; whence I concluded it was the moon's atmoſ- 
phere. But the great height of it, far exceeding that 

of our earth's atmoſphere; and the obſervations of 
ſome one who found the breadth of the ring to increaſe 
on the weſt fide of the moon, as the emerſion ap- 
ey together with the contrary ſentiments of 
thoſe, whoſe judgement I ſhall always revere, make me 
leſs confident, eſpecially in a matter whereto ] "mars 
not all the attention requiſite. 
Whatever it was, this ring appeared much e 
| Jv. whiter near the body of the moon, than at a diſtance 
from it; and it's outward circumference, which was 
ill defined, ſeemed terminated only by the extreme 
rarity of the matter it was compoſed of; and in all 
relpe&s reſembled the appearance of an enlightened 
atmoſphere viewed from far : but whether it belonged 
to the ſun or the moon, 1 ſhall not at preſent under- 
n to decide. | 

During the whole time of the total eclipſe, I kept 
my teleſcope conſtantly fixed on the moon, in order 
to obſerve, what might occur in this uncommon 
xce, and I faw perpetual flaſhes or coruſcation 
of light, which ſeemed for a moment to dart out from 
behind the moon, now here, now there, on all ſides, 
but more eſpecially on the weſtern fide, a little before 
| the 
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the emerſion: and about two or three ſeconds before 
it, on the ſame weſtern ſide, where the ſun was juſt 
coming out, a long and very narrow ſtreak of a duſky, 
but ſtrong red light, ſeemed to colour the dark edge 
of the moon, though notliing like it had been ſeen 
immediately after the immerſion. But this inſtantly 
vaniſhed upon the firſt appearance of the ſun, as did 
alſo the aforeſaid luminous ring. 
As to the degree of darkneſs, it was ſuch, that one 
might have expected to have ſeen many more ſtars 
than were ſeen in London; the planets, Jupiter, Mer- 
cury and Venus were all that were ſeen by the gentle- 
men of the Society from the top of their houſe, where 
they had a free horizon : and I do not hear that any 
one in town ſaw more than Capella and Aldebaran of the 
fixed ſtars. Nor was the light of the ring round the 
moon capable of effacing the luſtre of the ftars, for it 
was vaſtly inferior to that of the full moon, and fo 
weak, that I did not obſerve it caſt a ſhade. But the 
under parts of the hemiſphere, particularly in the 
\ſouth-eaſt under the ſun, had a crepuſcular brightneſs ; 
and all round us, ſo much of the ſegment of our at- 
moſphere as was above the horizon, and was without 
the cone of the moon's ſhadow, was more or leſs en- 
lightened by the ſun's beams; and it's reflection gave 
a diffuſed light, which made the air ſeem hazy, and 
hindered the appearance of the ſtars. And that this 
was the real cauſe thereof, is manifeſt by the darkneſs 
being more perfect in thoſe places near which the cen- 
ter of the ſhade paſt, where many more ſtars were ſeen, 
and in ſome, not leſs than twenty, though the _ of 
the ring was to all alike, 
n 1 ab 


/ * 
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I forbear to mention the chill and damp, with which 
the darkneſs of this eclipſe was attended, of which 
| moſt ſpectators were ſenſible, and equally judges ; or 
the concern that appeared in all ſorts of animals, birds, - 
beaſts and fiſhes, upon the extinction of the ſun, ſince 
ourſelves could not . behold it without ſome ſenſe of 
f horror”. 2: Jr . Y apy 
If a conjunction of the fan and moon 1 at or 
| very near the node, there will be a great ſolar eclipſe; 
but, in this caſe, at the preceding oppoſition, the earth 
was not got into the lunar ecliptic l limits, and ati the 
next oppoſition it will be got beyond it; hence, at 
each node there may happen only one ſolar eclipſe, and 
therefore in a year there may: happen only to folar 
as 200 It 1 1 | 

There muſt hs one ane in the time 
in which the earth paſſes through the ſolar ecliptic 
limits, and conſequently there muſt be one ſolar eclipſe 
at each node; hence, there * be two Fond _ 
at leaſt in a year. 

If an oppoſition happen juſt biefons the earth 1 
2250 the ſunar ecliptic limit, the next oppoſition may 
not happen till the earth is got beyond the limit on the 
other ſide of the node; canſequently there may not be 
a lunar eclipſe at the node; hence, there may not be an 
eclipſe of the moon in the courſe of a year. When 
therefore there are only two eclipſes in a year, they 
muſt be both of the un. | 

If there be an eclipſe of the moon as ſoon as the 
earth gets within the lunar ecliptic limit, it will be got 
out of the limit before the next oppoſition ;/ conſe- 
quently there can be only one lunar echple at the ſame 
node. wot as the nodes of the moon's orbit move 
a , | | backwards 


IN A YEAR; Ir the 265 


backwards about 19 in a year, the earth may come 
within the lunar ecliptic limits, at the /ame node, a 
ſecond time in the courſe of a year, and therefore there 
may be three lunar eclipſes in a year; and there can be 
no more. | 

If an eclipſe of the moon happen at or very near to 
the node, a conjunction may happen before and after, 
whilſt the earth is within the folar ecliptic limits; 
hence there may, at each node, happen two eclipſes of 


the ſun and one of the moon; and in this caſe, the 


eclipſes of the ſun will be ſmall, and that of the moon 
large. When therefore the eclipſes do not happen a 
ſecond time at either node, there will be fix eclipſes in a 
year, four of which willbe of the fun, and twoof the moon. 
But if, as in the laſt caſe, an eclipſe ſhould happen at 
the return of the earth within the lunar ecliptic limits 
at the /ame node a ſecond time in the year, there may 
be fix eclipſes, three of the fun and three of the 
moon. | 
There may be ſeven eclipſes in a year. For twelve 
lunations are performed in 3 54 days, or in eleven days 
leſs time than a common year. If therefore an eclipſe 
of the ſun ſhould happen before January 11, and there 
be at that, and at the next node, two ſolar-and one 
lunar eclipſe at each; then the twelfth lunation 
from the firſt eclipſe will give a new moon within the 
year, and (on account of the retrograde motion of the 
moon's nodes) the earth may be got within the ſolar 
ecliptic limits, and there may be another ſolar eclipſe. 
Hence, when there are ſeven eclipſes in a year, five 
will be of the ſun and two of the moon. 

As there are ſeven eclipſes in a year but ſeldom, the 
mean number will be about four. 
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The nodes of the moon move backwards about 19* 
in a year, which arc the earth deſcribes in about 19 
days, conſequently the middle of the ſeaſons of the 
eclipſes happens every year about 19 days ſooner than 
in the preceding year. 

327. The ecliptic limits of the ſun (Art. 313) are 
greater than thoſe of the moon (Art. 306), and hence, 
there will be more ſolar than lunar eclipſes, in about 


the ſame proportion as the limit is greater, that is, as 


3: 2 nearly. But more lunar than folar eclipſes are 
ſeen at any given place, becauſe a lunar eclipſe is viſible 
to a whole hemiſphere at once; whereas a ſolar eclipſe | 
is viſible only to a part, and therefore there is a 
greater probability of ſeeing a lunar than a ſolar eclipſe. 
Since the moon is as long above the horizon as below, 
every ſpectator may expect to ſee half the number « 
lunar eclipſes which happen. 


CHAP. 
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C H AP. XXII. 


ON THE TRANSITS OF MERCURY AND VENUS 
OVER THE SUN'S DISC, 


Art. 328. Wurd Dr. HALLE was at St. 
| Helena, whither he went for the 

purpoſe of making a catalogue of the ftars in the 
ſouthern hemiſphere, he obſerved a tranſit of Mercury 
over the ſun's diſc; and, by means of a good teleſcope, 
it appeared to him that he could determine the time 
of the ingreſs and egreſs, without it's being ſubject to 
an error of 1”*; upon which he immediately conclud- 
ed, that the ſun's parallax might be determined by 
ſuch obſervations, from the difference of the times of 
the tranſit over the ſun, at different places upon the 
earth's ſurface. But this difference is ſo ſmall in Mer- 
cury, that it would render the concluſion ſubject to a 
great degree of inaccuracy ; in Venus however, whoſe 
parallax is nearly four times as great as that of the 
ſun, there will be a very conſiderable difference be- 
tween the times of the tranſits ſeen from different parts 
of the earth, by which the accuracy of the concluſion 
will be proportionably increaſed. The Ds. therefore 
ö propoſed 


* Hence, Dr. HAL LY concluded, that by a tranſit of Venus, the 


ſun's diſtance might be determined with certainty to the 5ooth part 
of the whole; but the obſervations upon the tranſits which happened 
in 1761 and 1769, ſhowed that the time of contact of the limbs of 


the Sun and Venus could not be detegmined to that degree of 
certainty. 4 7 
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propoſed to determine the ſun's parallax from the 
tranſit of Venus over the fun's diſc, obſerved at different 
places on the earth; and as it was not probable that 
| he himſelf ſhould live to obſerve the next tranſits, 
which happened in 1761 and 1769, he very earneſtly 
recommended the attention of them to the Aſtronomers 
who ſhould be alive at that time. Aſtronomers were 
therefore ſent from England and France to the moſt 
proper parts of the earth to obſerve both thoſe tranſits, 
from the reſult of which, the parallax has been deter- 
mined to a very great degree of accuracy. * ; 

329. KErIER was the firſt perſon who predicted 
the tranfits of Venus and Mercury over the ſun's diſc; 
he foretold the tranfit of Mercury in 1631, and the 
tranſits of Venus in 1631 and 1761. The firſt time 
Venns was ever ſeen upon the ſun was in the year 16439, 
on November 24, at Hoole near Liverpool, by our 
countryman Mr. Horrxox, who was educated at 
Emanuel College in this Univerſity. He was employed 
in calculating an Ephemeris from the Lanſberge Tables, 
which gave, at the conjunction of Venus with the ſun 
on that day, it's apparent latitude leſs than the ſemi- 
diameter of the ſun. But as theſe Tables had ſo often 
deceived him, he conſulted the Tables conſtructed by 
KEILER, according to which, the conjunction would 
be at 84. 1 A. u. at Mancheſter, and the planet's 
latitude 14. 10“ ſouth ; but, from his own corrections, 
he expected it to happen at 34. 57 P. u. with 10' 
ſouth latitude. He accordingly gave this information 
to his friend Mr. CRABTREE at Mancheſter, deſiring 
him to obſerve it; and he himſelf alſo prepared to 
make obſervations upon it, by tranſmitting the ſun's 


image th; rough a teleſcope into a dark chamber. He 
deſcribed 
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deſcribed a circle of about ſix inches diameter, and 
divided the.circumference into 360”, and the diameter 
into 120 equal parts, and cauſed the ſun's image to 
fill up the circle. He began to obſerve on the 23d, 
and repeated his obſervations on the 24th till one 
o'clock, when he was unfortunately called away by 
buſineſs ; but returning at 15 after three o'clock, he 
had the ſatisfaction of ſeeing Venus upon the ſun's 
diſc, -juſt wholly entered on the left fide, fo that the 
limbs perfectly coincided. At 35” after three, he 
found the diſtance of Venus from the ſun's center to 
be 13. 30“; and at 45 after three, he found it to be 
13'; and the ſun ſetting at 5o' after 3 o'clock, put an 
end to his obſervations. From theſe obſervations, 
Mr. Horxrox endeavoured to correct ſome of the 
elements of the orbit of Venus. He found Venus had 


entered upon the diſc at about 62%. 30. from the vertex ' 


towards the right on the image, which, by the tele- 
ſcope, was inverted. He meaſured the diameter of 
Venus, and found it to be to that of the ſun, as 1,12: 
30, as near as he could meaſure. Mr. CRABTREE, on 
account of the clouds, got only one fight of Venus, 
which was at 34. 45. Mr. Horrox * wrote a Trea- 
tiſe, entitled Venus in Sola viſa, but did not live to 
publiſh it; it was, however, afterwards publiſhed by 
HeveLivs. GassExDUs obſerved the tranſit of 
Mercury which happened on November 7, 1631, and 
this was the firſt-which had ever been obſerved ; he 
made his obſervations in the ſame manner that Ho- 

ROX 


® The difficulties which this very extraordinary perſon” had to 
encounter with in his Aſtronomical purſuits, he himſelf has deſcribed, 


in a Prolegomena prefixed to his Opera Paſthuma, publiſhed by Dr. 


_ Wars, 


% 
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Rox did after him. Since his time, ſeveral tranſits of 
Mercury have been obſerved, as they frequently 
happen; whereas only two tranſits of Venus have 
happened ſince the time of HoxROx. If we know the 
time of the tranſit at one node, we can determine, in 
the following manner, when they will probably 251 05 
again at the ſame node. 

330. The mean time from conjunction to conjunc- 
tion of Venus or Mercury being known (Art. 201), 
and the time of one mean conjunction, we ſhall Know- 
the time of all the future mean conjunctions; obſerve 
therefore thoſe which happen near to the node, and 
compute the geocentric latitude of the planet at the 
time of conjunction, and if it be leſs than the 
apparent ſemidiameter of the ſun, there will be a 
tranſit of the planet over the ſun's diſc; and we may 
determine the periods when ſuch conjunctions happen, 
in the following manner. Let P the periodic time 
of the earth, p that of Venus or Mercury. Now that 
a tranſit may happen again at the ſame node, the earth 
muſt perform a certain number of complete revolutions 
in the ſame time that the planet performs a certain 
number, for then they muſt come into conjunction 
again at the ſame point of the earth's orbit, or nearly 
in the ſame poſition in reſpect to the node. Let the 
earth perform x revolutions whilſt the planet performs 


y revolutions ; then will Px = py, therefor 5 = 2 


Now P = 365,256, and for Mercury, p= 87, 968; there- 


fore 77 DN = (by reſolving it into it's conti- 
nual fractions) = =, => . 2 = 08; &c, That 


4 25 29 54 137 191 
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is, 1, 6, 7, 13, 33, 46, &c. revolutions of the earth 
are nearly equal to 4, 25, 29, 54, 137, 191, &c. re- 
volutions of Mercury, approaching nearer to a ſtate of 
equality, the further you go. The firſt period, or 
that of one year, is not ſufficiently exact; the period 
of fix years will ſometimes bring on a return of the 
tranſit at the ſame node; that of ſeven years more fre- 
quently ; that of 13 years ftill more frequently, and fo 
on. Now there was a tranſit. of Mercury at it's de- 
ſcending node, in May 1786; hence, by continually 
adding 6, 7, 13, 33, 46, &c. to it, you get all the 
years when a tranſit may be expected to happen at 
that node. In 1789 there was a tranſit at the aſcend- 
ing node, and therefore by adding the ſame numbers 
to that year, you will get the yegrs in which the tranſits 
may be expected to happen at that node. The next 
tranſits at the deſcending node will happen in 1799, 
1832, 1845, 1878, 1891 ; and at the aſcending node, 
in 1802, 1815, 1822, 1835, 1848, 1861, 1868, 1881, 


3 
1894. For Venus, p= 2224.73 _ 5 355.250 


A4 =22, £2, kc. Therefore the periods are 8, 
13 382 1159? 
235, 713, &c. years. The tranfits at the ſame node 


will therefore ſometimes return in 8 years, but oftener 
in 235, and ſtill oftener in 13, &c. Now in 1769 a' 
tranſit happened at the deſcending node in June, and 
the next tranſits at the fame node will be in 2004, 
2012, 2247, 2255, 2490, 2498, 2733, 2741 and 2984. 
In 1639 a tranſit happened at the aſcending node in 
November, and the next tranſits at the ſame node 
will be in 1874, 1882, 2117, 2125, 2360, 2368, 2603, 
2611, 2846 and 28 54. Theſe tranſits are found to 

happen, 
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happen, by continually adding the periods, and finding 
the years when they may be expected, and then com- 
puting, for each time, the ſhorteſt geocentric diſtance 
of Venus from the ſun's center at the time of conjunc- 
tion, and if it be leſs than the enn of the its 
there will be a tranſit. 


AN New Method of computing the Egelt of Parallax, in 
accelerating or retarding the Time of the Beginning or Eud 
of a Tranſit of Venus, or Mercury over the Sun's diſc. 


By Nzyn. MasxzLyns, D. D. F. R. S. and Aſtronomer 
Royal. 


331. The ſcheme which is here —_ relates parti- 
cularly to the tranſit of Venus over the ſun which 
happened 1n1769. Let C repreſent the center of the 
ſun L2, P the celeſtial north pole of the equator, 


PC a meridian paſſing through the ſun, Z the 


zenith of the place, ADB & the relative path of Venus, 
being the relative place of the deſcending node, 4 
the geocentric place of Venus at the ingreſs, B at the 


egreſs, and D at the neareſt approach to the ſun's 


center, 'as ſeen from the earth's center, and o the 
apparent place of Venus at the egreſs to an obſerver 
whoſe zenith is Z; draw ou, and « is the true place 
of Venus when the apparent place is at o, and vo is the 
parallax 1 in altitude of Venus from the ſun; and the 
time of contact will be diminiſhed by the time which 
Venus takes to deſcribe vB; draw 1'sh0n E parallel to 
AB, meeting Z B produced in E, and Bu, AA tangents 
to the circle, and let CAD be perpendicular to AB. 
Now the trapezium 0 EB, on account of the ſmall- 


neſs of it's ſides, may be conſidered as rectilinear, and 
from 
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from the magnitude of ZB compared with Bu, BE 


may be conſidered as parallel to uo, © conſequently 


10 EB may be conſidered as a parallelogram, and there- 
fore Eo may be taken equal to Bu. Now Eo=En 
Tuo, according as E falls without or within the circle 
L2 of the ſun's diſc; and by Trigonometry, En: 
EB :: fin. EBa=col. CBZ : fin. Bu E= ſin. BCD= 
col. CBD, hence, En —— ; and (by Eu- 


vol. IV. 8 lip) 


— .. 


42 6 
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wh D 
eri) #0 7 7 e nearly; but Bu: BE :: 
fin. BEx=fin. ZBD: fin. Bu E S coſ. CBD; therefore 
Bi — 


BE* x fin. ZBD* * BE' x ſin. ZBD* 

col. CIP IN col. CID 
Put 4 = re parallax of Venus from the ſun; 
then (Art. 136) BE = Ax fin. Zo=h x fin. ZB; hence, 


e _# x fin. ZB x col. CBZ . ,,, an. 


col. CBD 
- fin. ZBD* | 
ZB* N NN col. CBI = A X fin. ZB x col. CBZ X 


I chDο x fin, —— — 32. 


put = the time which Venus takes, by it's geocentric 


relative motion, to deſcribe the ſpace + ; to find which, 
let m be the relative horary motion of Venus; then 


h * — 


m: I:: 1 hour 3600“: t” = Hence, to 


find the time of deſcribing 1 we have, 3: hx 
ſin. ZB x coſ. CBZ x ſec. CBD + | 
&* „ fin. ZB „ fin. ZBD* x ſec. CBD* 

TE +8 $7 
t x fin. Z B x col. CBZ x ſec. CBD & 


ES i: Z B* x fin, ZBD ſec. CBD? 


75 the time of 


deſcribing u B, or the effect of parallax in accelerating 
or retarding the time of contact; the upper ſign is to 
be uſed when CBZ is acute, and the lower ſign when 
it is obtuſe, If CBZ be very nearly a right angle, but 

obtuſe, it may happen that » E may be leſs than 0, in 
which caſe, »E is to be taken from uc, according to 
the rule. The principal part E of the effect of paral- 
ur will increaſe or diminiſh the planet's diſtance from 
the 
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the ſun's center, according as the angle ZBC is acute 
or obtuſe ; the ſmall part 0 of parallax will always 
increaſe the planet's diſtance from the center; take 
therefore the ſum or difference of the effects, with the 
ſign of the greater, as to increaſing or decreaſing the 
planet's diſtance from the center of the ſun. The 
ſecond part of the correction will not exceed 9“ or 10” 
of time in the tranſits of Venus in 1761 and 1769, 
where the neareſt approach of Venus to the ſun's 
center was about 1o', In the tranſits of Mercury, the 
firſt part alone will be ſufficient, except the neareſt 
diſtance be much greater. 

If we ſuppoſe the mean horizontal parallax of the 
ſun to be 8”,83, then, by calculation from * the above 
expreſſion, it appears that the total duration at Wardhus 
was lengthened by parallax 11“. 16”,88, and diminiſhed 
at Otaheite by 12“. 10”,07 ; hence, the computed 
difference of the times 1 23“. 26% 95; but the obſerved 
difference was 23“. 10“. 

332. Hence, the correct parallax may be accurately 
found as follows. Becauſe the obſerved difference of 
the total durations at Wardhus and Otaheite is 23“. 10”, 
and the computed difference, from the aſſumed mean 
horizontal parallax of the ſun 8”,83, is 23“. 26”,95, the 
true parallax of the ſun is leſs than that aſſumed. 
Let the true parallax be to that aſſumed as 1—e to 1, 
and (Art. 331) the firſt parts of the computed parallax 
will be leſſened in the ratio of :—e : 1; and the ſecond 


parts, in the ratio of 1—e}* to 1, or of 1—2e to 1 
nearly. All the firſt parts, viz. 406”,o05; 28% of; 
34/48; 382",47, in all = 1417",05, combine the 
the ſame way to make the total duration longer at 
Wardhus 

» see my Complete Syſtem of Aſtronomy, Chap. 25. 

8 2 
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Wardhus than at Otaheite. As to the ſecond parts, 
the effects at Wardhus are — , 31 and—8”,91, and at 
Otaheite are 1,63 and +4",49, in all= 10%, 10. 
Therefore 141,056 x 1 - 10% 10 x 1-2e=1390" 
the exceſs of the obſerved total duration at Wardhus 
above at at Otaheite; or 147 „05 — 10% 10 - 1390" 


16% [ 

= 141. 7705 20 20 e; and 1 0 
Hence, the mean horizontal parallax of the ſun = 
8",83 x 1=0,0121 = 8% 72316; we aſſume therefore 
the mean horizontal parallax of the ſun = 8%. 


Hence, the radius of the earth : the diſtance of the 
ſun from the earth :: ſin. 8”2': rad. :: 1: 23575. 


333. The effect of the parallax being determined, 
the tranſit affords a very ready method of finding the 
difference of the longitudes of two places where the 
ſame obſervations were made. For, compute the effect 
of parallax in time, and reduce the obſervations at 
each place, to the time if ſeen from the enter of the 
earth, and the difference of the times is the difference 
of the longitudes. For example, the times at Ward- 
hus and Otaheite, at which the firſt internal contact 
would take place at the earth's center, are 94. 40. 
44”",6 and 214. 38'. 2 505 the difference of which is 
124. 2. 19/53 = 180%. 34. 53“ the difference of the 
meridians. From the mean of 63 reſults from the 
tranſits of Mercury, Mr. Shox r found the difference 
of the meridians of Greenwich and Paris to be 9 — I 5; 
and from the tranſit of Venus in . gee to be 0 10˙%, 
in time. | 


334. The tranſit of Venus affords a very accurate 


=0,0121. 


: method of finding the place of the node. For by the 


obſervations 
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obſervations made by Mr. R1iTtTExHovss at Norriton 
in the United States of America, the leaſt diſtance 
CD was obſerved to be 100. 10“; hence, drawing CY 
e to CS, col. Wo V = 8*. 28. 540 : rad. :: 
CD=10. : CY =10v'. 17” the geocentric latitude 
of Venus at yi time ve 5 and o, 72626: 
o, 28895 :: 10. 17“ 1 beliocentnic RUM 
CY of Venus; benee, 1 * 79 C2 F. 1 36” ml. 
the heliocentric latitude CVS. 5": CN =10. 8. 52”, 
which added to 2*. 13*. 26. 34” gives 2*. 14*. 35. 26” 
for the place of the aſcending node of the orbit of 
Venus. 

335. The time of the eclipric conjanRticn may be 
thus found. Find, at any time (7), the difference (d) 
of longitudes of Venus and- the ſun's center; find 
alſo the apparent geocentric ' horary motion () of 
Venus from the fun in longitude, and then ſay, m 
d :: 1 hour: the interval between the time ? and the 
conjunction, which interval is to be added to or ſub- 
tracted from 7, according as the obſervation was made 
after or before the conjunction. In the tranſit in 1761, 
at 6h. 31“. 46” apparent time at Paris, M. de la LAN DE 
found d= 2. 34,4, and n =. 57 4; hence, 3. 54: 
2. 34,4 :: 1 hour : 39“. 1”, which ſubtracted from 
6h. 31“. 46”, becauſe at that time the conjunction was 
paſt, gives 5%. 52. 45” for the time of conjunction 
from this obſervation. We may alſo thus find the lati- 
tude at conjunction. The horary motion of Venus in 
latitude was 35 4; hence, 60“: 39,1 :: 35% 4: 25” 
the motion in latitude in 39%, which ſubtracted from 
10“. 1% 2 the latitude obſerved at 6h. 31. 46”, gives 
9. 38",2 * Ws latitude at the time of conjunction. 
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ON THE NATURE AND MOTION OF COMETS. 


Art. 336. CYOMETS are ſolid bodies, revolving in 


Bes. Every excentric Same about the ſun 


in one of the foci, and are therefore ſubject to the ſame 
laws as the planets, but differ in appearance from them; 
for as they approach the ſun, a tail of light, in ſome of 
them, begins to appear, which increaſes till the comet 
comes to it's perihelion, and then it decreaſes again, 
and vaniſhes ; others have a light encompaſſing the 
nucleus, or body of the comet, without any tail, The 
moſt ancient philoſophers ſuppoſed comets to be like 
planets, performing their revoJutions in ſtated times. 
ARISTOTLE, in his firſt book of Meteors, ſpeaking of 
comets, ſays, But ſome of the Italians, called Pytha- 
goreans, ſay, that a Comet is one of the Planets, but 
that they-do not appear unleſs after a long time, and 
are ſeen but a ſmall time, which happens alſo to 
Mercury,” SENECA alſo in Nat. 2ueft. Lib. vii. ſays, 
“ APOLLON1Us-afhrmed, that the. Comets were, by the 
Chaldeans, reckoned among the Planets, and had their 
periods like them.“ SEN ECA himſelf alſo, having 
conſidered the phenomena of two remarkable comets, 


believed them to be ſtars of equal duration with the 
world, though he was ignorant of the laws that governed 
them; and foretold, that after ages would unfold: all 
theſe myſteries. He recommended it to Aſtronomers 
E xo to 
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to keep a catalogue of the comets, in order to be able 
to determine whether they returned at certain periods. 
Notwithſtanding this, moſt Aſtronomers from his time 
till TYcxo BRARR, conſidered them only as meteors, 
exiſting in our atmoſphere. But that Aſtronomer, 
finding from his own obſervations on a comet, that it 
had no diurnal parallax, placed them above the moon. 
Afterwards K BPL ER had an opportunity of obſerving 
two comets, one of which was very remarkable ; and 
from his obſervations, which afforded ſufficient indica- 
tions of an annual parallax, he concluded, ** that co- 
mets moved freely through the planetary orbs, with a 
motion not much different from a rectilinear one; 
but of what kind he could not preciſely determine.” 
HeveLius embraced the hypotheſis of a rectili- 
near motion; but finding his calculations did not 
perfectly agree with his obſervations, he concluded, 


« that the path of a comet was bent in a curve line, 
concave towards the ſun,” He ſuppoſed a comet to 


be generated in the atmoſphere of a planet, and to be 
_ diſcharged from it, partly by the rotation of the planet, 
and then to revolve about the ſun in a parabola by the 
force of projection and it's tendency to the ſun, in the 
ſame manner as a projectile upon the earth's ſurface 
deſcribes a parabola. At length came the famous 


comet in 1680, which deſcending nearly in a right 


line towards the ſun, aroſe again from it in like man- 
ner, which proved it's motion in a curve about the 
ſun. - G. S. DotrFELL, Miniſter at Plaven in Upper 
Saxony, made obſervations upon this comet, and 
found that it's motion might be very well repreſented 
by a parabola, having the ſun in it's focus. He was 


ignorant however of all the laws by which the motion 
S 4 of 
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of a body in a parabola is regulated, and erfed/con- 
ſiderably in his parabola, making the perihelion diftarice 
about twelve times greater than it was. This Was 
publiſhed five years before the Principia, in which Work 
Sir I. N EWTON having proved that Krets 8's law, 
by which the motions of the planets are regulated, 
was a neceſſary conſequence of his theory of gravity, it 
immediately followed, that comets were governed by 
the ſame law; and the obſervations upon them agreed 
ſo accurately with his theory, as to leave no doubt of 
it's truth. That the comets deſcribe ellipſes, and not 
parabolas or hyperbolas, Dr. HALLE, (ſee his Synopfes 
off tie Aftronomy of _ advances the A 
| reaſons.” 

„ Hitherto I have conſidered the orbit as exactly 
unbele ; upon which ſuppoſition it would follow, 
that comets, being impelled towards the ſun by ã cen- 
tripetal force, would deſcend as from ſpaces infinitely 
diſtant; and by their ſo falling, acquire ſuch a velocity, 
as that they may again fly off into the remoteſt parts 
of the univerſe, moving upwards with a perpetual 
tendency, ſo as never to return again to the ſun. But 
ſince they appear frequently enough, and ſince none of 
them can be found to move with an hyperbolic motion, 
or a motion ſwifter than what a comet might acquire 
by it's gravity to the ſun, it is highly probable they 
rather move in very excentric elliptic orbits, and make 
their returns after long periods of time: for ſo their 
number will be determinate, and, perhaps, not ſo very 
great. Beſides, the ſpace between the ſun and the 
fixed ſtars is ſo immenſe, that there is room enough 
for a comet to revolve, though the period of it's 
revolution be vaſtly long. Now, the Jatus rectum of an 
ellipſis 
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ellipſis is to the latus rectum of a parabola, which has 
the fame diſtance in it's perihelion, as the diſtance in 
the aphelion, in the ellipfis, is to the whole axis of the 
ellipſis. And the velocities are in a ſubduplicate ratio 
of the ſame: wherefore, in very excentric orbits, the 
ratio comes very near to a ratio of equality; and the 
very ſmall difference which happens, on account of 
the greater velocity in the parabola, is eaſily compen- 
ſated in determining the ſituation of the orbit. The 
principal uſe therefore of the Table of the elements of 
their motions, and that which indeed induced me to 
conſtruct it, is, that whenever a new comet ſhall 
appear, we may be able to know, by comparing 
together the elements, whether it be any of thoſe 
which has appeared before, and conſequently to deter- 
mine it's period, and the axis of it's orbit, and to 
foretèl it's return. And, indeed, there are many 
things which make me believe, that the comet which 
AP1AN obſerved in the year 1531, was the ſame with 
that which KEPLER and LonGONTANUS more accu- 
rately deſcribed in the year 1607; and which I myſelf 
have ſeen return,, and obſerved in the year 1682. 
All the elements agree, and nothing ſeems to con- 
tradict this my opinion, beſides the inequality of the 
periodic revolutions: which inequality is not ſo great 
neither, as that it may not be owing to phyſical 
cauſes. For the motion of Saturn is ſo diſturbed by 
the reſt of the planets, eſpecially Jupiter, that the 
periodic time of that planet is uncertain for ſome 
whole days together. How much more therefore will 
a comet be ſubje& to ſuch like errors, which riſes 
almoſt four times higher than Saturn, and whoſe 
velocity, though increaled bur a very little, would be 
{ufficient 
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ſufficient to change it's orbit, from an elliptical to a 
parabolical one. And I am the more confirmed in 
my opinion of it's being the ſame ; for, in the year 
1456, in the ſummer-time, a comet was ſeen paſſing 
retrograde between the earth and the ſun, much after 
the ſame manner; which, though nobody made ob- 
ſervations upon it, yet, from it's period, and the 
manner of it's tranſit, I cannot think different from 
thoſe I have juſt now mentioned. And fince looking 
over the hiſtories of comets, I find, at an equal inter- 
val of time, a comet to have been ſeen about Eaſter 
in the year 1305, which 1s another double period 
of 151 years before the former. Hence, I think, I 
may venture to foretel that it will return again in the 
year 3558.7 
337. Dr. HaLLEy computed the effect of Jupiter 
upon this comet in 1682, and found that it would 
increaſe it's periodic time above a year, in conſequence 
of which he predicted it's return at the end of the 
year 1758, or the beginning of 1759. He did not 
make his computations with the utmoſt accuracy, but, 
as he himſelf informs, levi calamo. M. CLairavt 
computed the effects both of Saturn and Jupiter, and 
found that the former would retard it's return in the 
laſt period 100 days, and the latter 511 days; and he 
determined the time when the comet would come to 
it's perihelion to be on April 15, 1759, obſerving that 
he might err a month, from neglecting ſmall quantities 
in the computation. It paſſed the perihelion on 
March 13, within 33 days of the time computed. 
Now if we ſuppoſe the time ſtated by Dr. HALLER x to 
mean the time of it's paſſing the perihelion, then if we 
add to that 100 days, ariſing from the action of 
Saturn 
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Saturn which he did not conſider, it will bring it very 
near to the time in which it did paſs the perihelion, 
and prove his computation of the effect of Jupiter to 
have been very accurate. If he mean the time when 
it would firſt appear, his prediction was very accurate, 
for it was firſt ſeen on December 14, 1758, and his 
computation of the effects of Jupiter will then be more 
accurate than could have been expected, conſidering 
that he made his calculations only by an indirect 
method, and in a manner profeſſedly not very accurate. 
Dr. HALLE therefore had the glory, firſt to foretel 
the return of a comet, and the event anſwered re- 
markably to his prediction. He further obſerved, 
that the action of Jupiter, in the deſcent of the comet 
towards it's perihelion in 1682, would tend to in- 
creaſe the inclination of it's orbit; and accordingly 
the inclination in 1682 was found to be 22 greater 
than in 1607. A learned Profeſſor (Dr. Loxe's 
Aſtronomy, p. 562) in Italy to an Engliſh gentleman 
writes thus. Though M. de la LAN DE, and ſome 
other French gentlemen, have taken occaſion to find 
fault with the inaccuracies of HaLLEey's calculation, 
becauſe he himſelf had faid- he only touched upon it 
ſlightly ; nevertheleſs they can never rob him of the 
honour, — Firſt, of finding out that it was one and 
the ſame comet which appeared in 1682, 1607, 1531, 
1456, and 1305. — Secondly, of having obſerved, that 
the planet Jupiter would cauſe the inclination of the 
orbit of the comet to be greater, and the period lon- 
ger. — Thirdly, of having foretold that the return 
thereof might be retended till the end of 1758, or the 
beginning of 1759.” From the obſervations of 
M. Mxss III upon a comet in 1770, Mr. Epric 
\ PROSPERIN, 
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ProsPERIN, Member of the Royal Academies of 
Stockholm and Upſal, ſhowed, that a parabolic orbit 
would not anſwer to it's motions, and he recommended 
it to "Aſtronomers to ſeek for the elliptic orbit. This 
laborious taſk M. LEXELIL undertook, and has ſhown 
that an ellipſe, in which the periodic time is about 
five years and ſeven months, agrees very well with the 
obſervations. See the Phil. Tranſ. 1779. As the 
ellipſes which the comets deſcribe are all very excentric, 
Aſtronomers, for the eaſe of calculation, ſuppoſe them 
to move in parabolic orbits, for that part which lies 
within the reach of obſervation, by which they can 
very accurately. find the place of the perihelion, it's 
diſtance from the ſun, the inclination of the plane of 
it's orbit to the ecliptic, and the place of the node. 

But it falls not within the plan of this work to enter 
into an inveſtigation of theſe matters. For this, I refer 
the reader to my Complete Syſtem of Aſtronomy. 

338. It is extremely difficult to determine, from 
computation, the elliptic orbit of a comet, to any 
degree of accuracy; for when the orbit is very excen- 
tric,” a very ſmall error in the obſervation will change 
the computed orbit into a parabola, or hyperbola. 
Nou, from the thickneſs and inequality of the atmoſ- 
phere with which the comet is ſurrounded, it is im- 
poſſible to determine, with any great preciſion, when 
either the limb or center of the comet paſs the wire at 
the time of obſervation. And this uncertainty in the 
2 will ſubject the computed orbit to a great 

+ Hence it happened, that M. BovCuER de- 
* the orbit of the comet in 1729 to be an 
hyperbola. M. EuLEA firſt determined the ſame for 
che comet it in 1 17443 ; but having received more accurate 

16 obſervations, 
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obſervations, he found it to be an ellipſe. The period 
of the comet in 1680 appears, from obſervation, to be 
575 years, which M. EULER, by his computation, 
determined to be 166 years. The only ſafe way to 
get the period of comets, is to compare the elements 
of all thoſe which have been computed, and where you 
find they agree very well, you may conclude that they 
are elements of the ſame comet, it being ſo extremely 
improbable that the orbits of two different comets 
ſhould have the ſame inclination, the ſame perihelion 
diſtance, and the places of the perihelion and node the 
ſame. Thus, knowing the periodic time, we get the 
major axis of the ellipſe; and the perihelion diſtance 
being known, the minor axis will be known. When 
the elements of the orbits agree, the comets may be 
the ſame, although the periodic times ſhould. vary a 
little; as, that may ariſe from the attraction of the 
bodies in our ſyſtem, and which may alſo alter all the 
other elements a little. We have already obſerved, 
that the comet which appeared in 1759, had it's peri- 
odic time increaſed conſiderably by the attraction of 
Jupiter and Saturn. This comet was ſeen in 1682, 
1607 and 1531, all the elements agreeing, except a 
little variation of the periodic time. Dr. HALLE 
ſuſpected the comet in 1680, to have been the fame 
which appeared in 1106, 531, and 44 years before 
CHRIST. He alſo conjectured, that the comet ob- 
ſerved by APpIAN in 1532, was the ſame as that 
obſerved by HEvEL1vs in 1661; if fo, it ought to 
have returned 1n 1790, but it has never been obſerved. 
But M. Mzcn1an having collected all the obſerva- 
tions in 1532, and calculated the orbit again, found 

: it 
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it to be ſenſibly different from that determined by 
Dr. HALLEyY, which renders it very doubtful whether 
this was the comet which appeared in 1661 ; and this 
doubt is increaſed, by it's not appearing in 1790. 

The comet in 1770, whoſe periodic time M. LEXEII. 
computed to be 5 years and 7 months, has not been 
obſerved ſince. There can be no doubt but that the 
path of this comet, for the time it was obſerved, be- 
longed to an orbit whoſe periodic time was that found 
by M. LzxtLri, as the computations for ſuch an 
orbit agreed fo very well with the obſervations. But 
the revolution was probably longer before 1770; for 
as the comet paſſed very near to Jupiter in 1767, it's 
periodic time might be ſenſibly increafed by the action 
of that planet; and as it has not been obſerved fince, 
we may conjecture, with M. LExELL, that having 
paſſed in 1772 again into the ſphere of ſenſible attrac- 
tion of Jupiter, a new diſturbing force might probably 
take place and deſtroy the effect ofthe other. Accord- 
ing to the above elements, the comet would be in 
conjunction with Jupiter on Auguſt 23, 1779, andit's 
diſtance from Jupiter would be only == of it's diſtance 
from the ſun, conſequently the ſun's action would be 
only r times that of Jupiter. What a change muſt 
this make in the orbit ! If the comet returned to it's 

perihelion in March 1776, it would then not be viſible. 
See M. LexELL's account in the Phil. Tranſ. 1779. 
The elements of the orbits of the comets in 1264 and 
1556 were ſo nearly the ſame, that it is very probable 
it was the fame comet; if fo, it ought to appear again 
about the 4 1848. 


On 
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On the Nature and Tails of Comets. 


339. Comets are not viſible till they come into the 
planetary regions. They are ſurrounded with a very 
denſe atmoſphere, and from the fide oppoſite to the 
ſun they ſend forth a tail, which increaſes as the 
comet approaches it's perihelion, immediately after 
which it is longeſt and moſt luminous, and then it is 
generally a little bent and convex towards thoſe parts 
to which the comet is moving ; the tail then decreaſes, 
and at laſt it vaniſhes. Sometimes the tail is obſerved 
to put on this figure < towards 1t's extremity, as that 
did in 1796. The ſmalleſt ſtars are ſeen through the 
tail, notwithſtanding it's immenſe thickneſs, which 
proves that it's matter muſt be extremely rare. The 
opinion of the ancient philoſophers, and of AxIisrorLE 
himſelf, was, that the tail 1s a very thin fiery vapour 
ariſing from the comet. AplAx, CAR DAN, Treho, 
and others, believed that the ſun's rays being propagated 
through the tranſparent head of the comet, were 
refracted, as in a lens. But the figure of the tail does 
not anſwer to this; and, moreover, there ſhould be 
ſome reflecting ſubſtance to render the rays viſible, in 
like manner as there muſt be duſt or ſmoke flying 
about in a dark room, in order that a ray of light 
entering it may be ſeen by a ſpectator ſtanding ſide- 
ways from it. KE LER ſuppoſed, that the rays of the 
ſun carry away ſome of the groſs parts of the comet 
which reflects the ſun's rays, and gives the appearance 
of a tail, HevELivs thought, that the thinneſt parts 
of the atmoſphere of a comet are rarefied by the force 
of the heat, and driven from the fore part and each 
wes fide 
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fide of the comgt towards the parts turned from the 
ſun. Sir I. NEwToxN thinks, that the tail of a comet 
is 4 very thin vapour, which the head, or nucleus of 
the comet, ſends out by reaſon of it's heat. He ſup- 
poſes, thai when a comet is deſcending to it's perihe- 
lion, the vapours behind the comet in reſpect to the 
ſun, being rarefied by the ſun's heat, aſcend, and 
take up with them the reflecting particles with which 
the tail is compoſed, as air rarefied by heat carries up 
the particles of ſmoke in a chimney. But as beyond 
the atmoſphere of the comet, the ztherial air (aura 
#therea) is extremely rare, he attributes ſomething 
to the ſun's rays carrying with them. the particles of 
the atmoſphere of the comet. And when the tail 1s 
thus formed, it, like the nucleus, gravitates towards 
the ſun, and by the projectile force received from 
the comet, it deſcribes an ellipſe about the ſun, and 
accompanies the comet. It conduces allo to the aſcent 
of theſe vapours, that they revolve about the ſun, and 
therefore endeavour to recede from it ; whilſt the 
atmoſphere of the ſun is either at reſt. or moves with 
ſuch a ſlow motion as it can acquire from the rotation 
of the ſun about it's axis. Theſe are the.caules of the 
aſcent of the tails in the neighbourhood of the ſun, 
where the orbit has a greater curvature, and the comet 
moves in a denſer atmoſphere of the ſun. The tail of 
the comet therefore being formed from the heat of the 
ſun, will increaſe till it comes to it's perihelion, and 
decreaſe afterwards. The atmoſphere of the comer is 
diminiſhed as the tail increaſes, and is leaſt immedi- 
ately after the comet has paſſed it's perihelion, where 
it ſometimes appears covered with a thick black ſmoke. 
As the vapour receives two motions when it leaves the 

comet, 
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comet, it goes on with the compound motion, and 


therefore the tail will not be turned directly from 
the fun, but decline from it towards thoſe parts which 


are left by the comet; and meeting” with a ſmall 


reſiſtance from the ether, will be a little curved. 
When the ſpectator therefore is in the plane of the 
comet's orbit, the curvature will not appear. The 
vapour thus rarefied and dilated, may be at laſt ſcat- 
tered through the heavens, and be gathered up by the 
planets, to ſupply the place of thoſe fluids which are 


ſpent in vegetation and converted into earth. This is 


the ſubſtance of Sir I. NEwToN's account of the tails 
of comets. Againſt this opinion, Dr. Ham1LTox, in 
his Philoſophical Eſſays, obſerves, that we have no 
proof of the exiſtence of a ſolar atmoſphere ; and if 
we had, that when the comet is moving in it's perihe- 
lion in a direction at right angles to the direction of 
it's tail, the vapours which then ariſe, partaking of 
the great velocity of the comet, and being alſo ſpeci- 
fically lighter than the medium in which they move, 
muſt ſuffer a much greater reſiſtance than the denſe 
body of the comet does, and therefore ought to be 
left behind, and would not appear oppoſite to the ſun; 
and afterwards they ought to appear towards the ſun. 
Alſo, if the ſplendor of the tails be owing to the 
reflection and refraction of the ſun's rays, it ought to 
_ diminiſh the luſtre of the ſtars ſeen through it, which 
would have their light reflected and refracted in like 
manner, 'and conſequently their brightneſs would be 
diminiſhed. Dr. HALLEy, in his deſcription of the 
Aurora Borealis in 1716, ſays, “the ſtreams of light fo 
much reſembled the long rails of comets, that at firſt 
ſight they might well be taken for ſuch.” And after- 

Vor. IV. 1. wards, 


290 ON THE NATURE AND TAILS OF COMETS. 


wards, this light ſeems to have a great affinity to 
that which the effluvia of electric bodies emit in the 
dark.” Phil. Tranſ. Ne. 347. D. de Mairan allo 
calls the tail of a comet, the aurora borealis of the 
comet. This opinion Dr. Hamilton ſupports by 
the following arguments. A ſpectator, at a diſtance 
from the earth, would ſee the aurora borealis in the 
form of a tail oppoſite to the ſun, as the tail of a comet 
lies. The aurora borealis has no effect upon the ſtars 
ſeen through it, nor has the tail of a comet. The 


_ atmoſphere is known to abound with electric matter, 
and the appearance of the electric matter in vacuo is 


exactly like the appearance of the aurora borealis, 


which, from it's great altitude, may be conſidered to 


be in as perfect a vacuum as we can make. The 
electric matter in vacuo ſuffers the rays of light to paſs 
through, without being affected by them. The tail 
of a comet does not expand itſelf ſideways, nor does 
the electric matter. Hence, he ſuppoſes the tails of 
comets, the aurora borealis, and the ele&ric fluid, to 
be matter of the ſame kind. We may add, as a fur- 
ther confirmation of this opinion, that the comet in 
1607 appeared to ſhoot out the end of it's tail. 
Le P. Crysar remarked the undulations of the tail of 
the comet in 1618, HEeverLivs obſerved the ſame in 
the tails of the comets in 1652 and 1661. M. PIN GRE. 
took notice of the ſame appearance in the comet of 
1769. Theſe are circumſtances exactly ſimilar to the 
aurora borealis. Dr. HamiLtox conjectures, that 
the uſe of the comets may be to bring the electric 
matter, which continually eſcapes from the planets, 
back into the planetary regions. The arguments are 
certainly firongly in favour of this hypotheſis ; and if 

| this 
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this be true, we may further add, that the tails are 
hollow; for if the electric fluid only proceed in it's 
firſt direction, and do not diverge ſide- ways, the parts 
directly behind the comet will not be filled with it; 
and this thinneſs of the tails will account for the 
appearance of the ſtars through them. 

340. In reſpect to the nature of comets, Sir J. 
Newrox obſerves, that they muſt be ſolid bodies like 
the planets. For if they were nothing but vapours, 
they muſt be diſſipated when they come near the ſun. 
For the comet in 1680, when it was in it's perihelion, 
was leſs diſtant from the ſun than one ſixth of the 
ſun's diameter, conſequently the heat of the comet at 
that time was to the heat of the ſummer ſun as 28000 
to 1. But the heat of boiling water is about three 
times greater than the heat which dry earth acquires 
from the fummer-ſun; and the heat of red hot iron 
about three or four times greater than the heat of 
boiling water. Therefore the heat of dry earth at the 
comet, when in it's perihelion, was about 2000 times 
greater than red hot iron. By ſuch heat, all vapours 
would be immediately diſſipated. 

341. This heat of the comet muſt be retained a 
very long time. For a red hot globe of iron of an 
inch diameter, expoſed to the open air, ſcarce looſes 
all it's heat in an hour; but a greater globe would 
retain it's heat longer, in proportion to it's diameter, 
becauſe the ſurface, at which it grows cold, varies in 
that proportion leſs than the quantity of hot matter. 
Therefore a globe of red hot iron, as big as our earth, 
would ſcarcely cool in 50000 years. 

342. The comet in 1680 coming ſo near to the 
ſun, muſt have been conſiderably retarded by the ſun's 

T2 atmoſphere, 
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- atmoſphere, and therefore being attracted nearer at 
every revolution, it will at laſt fall into the ſun, and be 
a freſh ſupply of fewel for what the ſun loſes by it's 
conſtant emiſſion of light: In like manner, fixed ftars 
which have been gradually waſted, may be ſupplied 
with freſh fewel, and acquire new ſplendor, and paſs 
for new ſtars. Of this kind are thoſe fixed ſtars which 
appear on a ſudden, and ſhine with a wonderful 
brightneſs at firſt, and afterwards vaniſh by degrees. 
Such is the conjecture of Sir I. NEWTORN. | 
343. From the beginning of our æra to this time, it 
is probable, according to the beſt accounts, that there 
have appeared about 500 comets. Before that time, 
about 100 others are recorded to have been ſeen, but 
it is probable that not above half of them were comets. 
And when we conſider, that many others may not 
have been perceived, from being too near the ſun — 
from appearing in moon-· light — from being in the 
other hemiſphere — from being too ſmall to be per- 
ceived, or which may not have been recorded, we 
might imagine the whole number to be conſiderably 
greater; but it is likely, that of the comets which are 
recorded to have been ſeen, the ſame may have ap- 
peared ſeveral times, and therefore tlie number may be 
leſs than is here ſtated. The comet in 1786, which 
firſt appeared on Auguſt 1, was diſcovered by Miſs 
- CaroLixe HEeRSCHEL, a ſiſter of Dr. HERRSCcHEL; 
fince that time, ſhe has diſcovered three others. As 
the plan of this Work does not permit us to give all 
the different methods. by which the orbits of comets 
may be computed, and all the various opinions reſpect- 
ing them, if the reader wiſh to ſee any thing further 
upon the ſubject, 1 refer him to a Treatiſe entitled, 
Cometographie, 


% 
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Cometographie, ou Traite Hiftorique et Theorique des 
Cometes, par M. Pincr?#', II. Tom. quarto, Paris, 1784; 
or Sir H. ENGLEFIELD's Determination of the Orbits of 
Comets, a very valuable work, in which the ingenious 
Author has explained, with great clearneſs and accuracy, 
the manner of computing the orbits of comets, accord- 
ing to the methods of Boscovicn, and M, de la 
PLACE. | 
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ON THE FIXED STARS. 


C A. ſyſtem are called Fixed Stars, becauſe 
(except ſome few) they do not appear to have any 
proper motion of their own, From their immenſe 
diſtance, they muſt be bodies of very great 
magnitude, otherwiſe they could not be viſible ; and 
when we conſider the weakneſs of reflected light, there 
can be no doubt but that tliey ſhine with their own 
light. They are eaſily known from the planets, by 
their twinkling. The number of ſtars viſible at once 
to the naked eye is about 1000; but Dr. HERSCRHEL, 
by his improvements of the reflecting teleſcope, has 
diſcovered that the whole number is great, beyond all 
conception. In that bright tract of the heavens called 


the Milky Way, which, when examined by good tele- 


ſcopes, appears to be an immenſe collection of ſtars 
which gives that whitiſh appearance to the naked eye, 
he has, in a quarter of an hour, ſeen 116000 ſtars paſs 
through the field of view of a teleſcope of only 15 
aperture. Every improvement of his teleſcopes has 
diſcovered ſtars not ſeen before, ſo that there appears 
to. be no bounds to their number, or to the extent of 
the univerſe, Theſe ſtars, which can be of no uſe to 
us, are probably ſuns to other ſyſtems of planets. 

345. From 
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345. From an attentive examination of the ſtars 
with good teleſcopes, many which appear only ſingle 
to the naked eye, are found to conſiſt of two, three, 
or more ſtars, Dr. MAsXELYNE had obſerved' 
Herculis to be a double ftar; Dr. HoxnsBY had found 
r Bootis to be double; M. Cassini, Mr. Mayes, 
Mr. P1coTT, and many other Aſtronomers had made 
diſcoveries of the like kind, But Dr. HeRsCHEL, by 
his improved teleſcopes, has found about 700, of 
which, not above 42 had been obſerved before. We 
ſhall here give an account of a few of the moſt 
remarkable. - 


4 Herculis, FL AM. 64, a beautiful double ſtar; the 
two ſtars very unequal, the largeſt is red, and the 
ſmalleſt blue, inclining to green. 
_ # Lyre, FLAM. 12. double, very unequal, the 
largeſt red, and ſmalleſt duſky ; not eaſily to be ſeen 
with a magnifying power of 227. 

' & Geminorum, FLAM. 66, double, a little REES? a 
both white; with a power of 146, their diſtance ap- 
pears equal to the diameter of the ſmalleſt. 

Tyræ, FLA. 4 and 5, a double-double ſtar; at 
firſt ſight it appears double at a conſiderable diſtance, 
and by a little attention each will appear double; one 
ſet are equal, and both white ; the other unequal, the 
largeſt white, and the ſmalleſt inclined to red. The 
interval of the ſtars, of the unequal ſet, is one diameter 
of the largeſt, with a power of 227. 

+ Andromede, FLA. 57, double, very unequal, the 
largeſt reddiſh white, the ſmalleſt a fine bright ſcy- blue, 
inclining to green, A very beautiful object. 
* T 4 « Urſz 


A 
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&« Urſz minoris, FLAM. 1, double, very unequal, the 
largeſt white, the ſmalleſt red. 
B Lyræ, FLAM. 10, quadruple, unequal, white, bi 
three of them a little inclined to red. 
E Leonis, FLAM. 32, double, very a largeſt 
white, ſmalleſt duſky. 
t Bootis, FLAM. 36, double, very unequal, largeſt 


: reddiſh, ſmalleſt blue, or rather a faint lilac; very 
beautiful. 


5 Draconis, FLAM. 39, a very ſmall double ſtar, very 
unequal, the largeſt white, ſmalleſt inclining to red. 

N Orionis, FLA. 39, quadruple, or rather a double 
ſtar, and has two more at a ſmall diſtance, the double 
ſtar conſiderably unequal, the largeſt white, * 
pale roſe colour. 

E Libre, FLAM. ultima, double- double, one fe very 


- unequal, the largeſt a very fine white. 


1 Cygni, FLam. 78, double, conſiderably unequal, 


the largeſt white, the ſmalleſt blueiſh. 


* Herculis, FLAM. $6, double, very 6622 the 
ſmall ſtar is not yiſible with a power of 278, but is 
ſeen very well with one of 460; the largeſt 1s inclined. 


to a pale red, ſmalleſt duſkiſh. 


& Capricorn, FLAM. 5, double, very unequal, the 


largeſt white, ſmalleſt duſky. 


V Lyre, FLan. 8, treble, very unequal, the largeſt 
white, ſmalleſt both duſky. 

& Lyre, FLAM. 3, double, very unequal, the a 
a TY brilliant white, the ſmalleſt duſky ; it appears 


with a power of 227. Dr. HERSCRHEL meaſured the 
diameter of this fine ſtar, and fund it to 0 973 558. 


346. Theſe | 
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£698 Theſe are a few of the principal double, &c. 
ſtars mentioned by Dr. HEnschET in his catalogues 
which he has given us in the Phil, Tran. 1782 and 
1785. The examination of double ſtars with a tele» 
{cope 1s a very excellent and ready method of proving 
it's powers. Dr. HErsCHEL recommends the follow- 
ing method. The teleſgope and the obſerver having 
been ſome time in the open air, adjuſt the focus of the 
teleſcope to ſome ſingle ſtar of nearly the ſame magni- 
tude, altitude and colour of the ſtar to be examined; 
attend to all the phznomena of the adjuſting ſtar as it 
paſſes through the field of view — whether it be per- 
fectly round and well defined, or affected with little 
appendages play ing about the edge, or any other cir- 
cumſtances of the like kind. Such deceptions may be 
detected by turning the object glaſs a little in it's 
cell, when theſe appendages will turn the ſame way. 
Thus you will detect the imperfections of the inſtru- 
ment, and therefore. will not be deceived when you 
come to examine the double ſtar. | 

347. Several ſtars mentioned by ancient Aftrono- 
mers are not now to be found, and ſeveral are now 
obſerved, which do not appear 1n their catalogues. 
The moſt ancient obſervation of a new ſtar is that by 
HipeARcCHvUs, about 120 years before J. C. which 
occaſioned his making a catalogue of the fixed ſtars, in 
order that future Aſtronomers might fee what altera- 
tions had taken place fince his time. We have no 
account where this new ſtar appeared. A new ftar is 
alſo ſaid 10 have appeared in the year 130; another in 
389 another in the ninth century, in 15° of Scorpio; 
a fifth in 945; and a ſixth in 1264 but the accounts 
we have of all theſe are very imperfect. 

| | 348. The 
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348. The firſt new ſtar we have any accurate 
account of, is that which was diſcovered by Cox x R- 
Livs GEMMA, on November 8, 1572, in the Chair of 
Caſiopea. It exceeded Sirius in brightneſs, and was 
ſeen at mid-day. It firſt appeared bigger than Jupiter, 
but it gradually decayed, and after ſixteen months it 
entirely diſappeared. It was obſerved by Treno 
Bx ARHE, who found that it had no ſenſible parallax ; 
and he concluded that it was a fixed ſtar. Some have 
ſuppoſed that this is the ſame which appeared in 945, 
and 1264, the ſituation of it's . favouring this 
opinion. 

349. On Auguſt 13, 1596, David Favricivs 
obſerved a new ſtar in the Neck of the Whale, in 250. 
45 of Aries, with 15*. 54 ſouth latitude, Ir diſap- 
peared after October in the ſame year. PrxocyLLIDES 
Hol wAR DA diſcovered it again in 1637, not knowing 
that it had ever been ſeen before; and after having 
diſappeared for nine months, he ſaw it come into view 
again, BuLLIALDvs determined the periodic time 
between it's greateſt brightneſs to be 333 days. It's 
greateſt brightneſs is that of a ſtar of the ſecond mag- 
nitude, and it's leaſt, that of a ſtar of the ſixth. It's 
\ greateſt degree of brightneſs however is not always the 
ſame, nor are the ſame m_ always at the lame 
interval. 

350. In the year 1660, WILLIAM: JANSENTUS 
diſcovered a changeable ſtar in the Neck of the Swan. 
It was ſeen by KzyLER, who wrote a treatiſe upon it, 
and determined it's place, to be 16*. 18' =, with 
55". 30“ or 32“ north latitude. RiccioLvs faw it in 
1616, 1621, 1624 and 1629. He is poſitive that it 
was inviſible in the laſt years from 1640 to 1650. 
M. Cassint 
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M. Cassin1 faw it again in 1655; it increaſed till 
1660, and then grew leſs, and at the end of 1661, it 
diſappeared. In November 1665, it appeared again, 
and diſappeared in 1681. IH 1715 it appeared of the 
ſixth magnitude, as it does at preſent. 

351. On June 20, 1670, another changeable ſtar 
was diſcovered near the Swan's Head, by P. ANTHELME. 
It diſappeared in October, and was ſeen again on 
March 17, 1671. On September 11, it dilappeared. 
It appeared again in March 1672, and diſappeared in 
the fame month, and has never ſince been ſeen. It's 
longitude was 1. 52“. 26” of x, and it's latitude 
: 47%. 25.22" N. The days are here put down for the 
new ſtyle. 

352. In 1686, Kircnivs obſerved x in the Star 
to be a changeable ſtar ; and, from 20 years obſerva- 
tions, the period of the return of the fame phales was 
found to 405 days; the variations of it's magnitude 
however were ſubject to ſome irregularity. 

353, In che year 1604, at the beginning of October, 
KEPLER diſcovered a new ſtar near the heel of the 
right foot of Serpentarius, ſo very brilliant, that it 
exceeded every fixed ſtar, and even Jupiter in magni- 
tude. It was obſerved to be every moment changing 
into ſome of the colours of the rainbow, except when 
it was near the horizon, when it was generally white. 
It gradually diminiſhed, and diſappeared about Octo- 
ber 1605, when it came too near the ſun to be viſible, 
and was never ſeen after, It's longitude was 17. 40 
of . with 1*. 56' north latitude, and was found to 
have no parallax. ; 

354. MoxrANARI diſcovered two ſtars in the 
conſtellation of the Ship, marked g and y by Bar ER, 

to 
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to be wanting. . He ſaw them in 1664, but loſt * 
in 1668. The ſtar 0 in the tail of the Serpent, reckoned 
by Treno of the third, was found, by him, of the 
fifth magnitude. The ſtar p in Serpentarius did not 
appear, from 'the time it was obſerved by him, till 
1695; The ſtar ꝙ in the Lion, after diſappearing, was 
ſeen by him in 1667. He obſerved alſo that g in 
Meduſa's Head varied in it's magnitude. 

355. M. CàAssixi diſcovered one new ſtar 1 the 
fourth, and 7wo of the fifth magnitude in Caſſiopea; 
alſo fve new. ſtars in the ſame conſtellation, of which 
three have diſappeared ; #2vo new ones in the beginning 
of the conſtellation Eridanys, of the fourth and fifth 
magnitude; and four new ones of the fifth or ſixth 
magnitude, near the north pole. He further obſerved, 
that the ſtar, placed by Bayzz near « of the Little 
Bear, is no longer viſible; that the ſtar a of Andromeda, 
which had diſappeared, had come into view again in 
1695; that in the ſame conſtellation, inſtead of one in 
the Knee, marked v, there are two others come more 
northerly; and that E is diminiſhed ; that the ſtar 
placed by Tv co at the end of the Chain of Andromeda, 
as of. the fourth magnitude, could then ſcarcely be 
ſeen; and that the-ſtar which, in TYcno's catalogue, 
is the twentieth. of Piſces, was no longer viſible. 
356. M. MARALDI obſerved, that the ſtar « in the 
left leg of Sagittarius, marked by Bayt of the third 
magnitude, appeared of the ſixth, in 16713 in 1676 
it was found by Dr. HALLE to be of the third; in 
1692 it could hardly be perceived, but in 1693 and 
1694 it was of the fourth magnitude. In 1704 he 
diſcovered a ſtar in Hydra to he periodical; ; it's poſi- 
tion is in a right line with thoſe in the tail marked x 

and 
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and y. The time between it's greateſt luſtre, which is 
of the fourth magnitude, was about two years; in the 
intermediate time it diſappeared. In 1666, HEVELIUS 
ſays he could not find a ſtar of the fourth magnitude 
in the eaſtern ſcale of Libra, obſerved by Tycho and 
BAVER; but MaRATLDIT in 1709, fays, that it had 
then been ſeen for 15 years, ſmaller than one of the 
fourth. 

357. J. GoopRickE, Eſq. has determined the 
periodic variation of Algol, or g Perſei (obſerved by 
MonTANAR1 to be variable) to be about 2d. 21h. 
It's greateſt brightneſs 1s of the ſecond magnitude, and 
leaſt, of the fourth. It changes from the ſecond to 
the fourth in about three hours and a half, and back 
again in the fame time, and retains it's greateſt 
brightneſs for the other part of the time. 

358. Mr. Goopricks allo diſcovered, that B 
Lyræ was ſubject to a periodic variation. The follow- 
ing is the reſult of his obſervations. It completes all 
it's phaſes in 12 days 19 hours, during which time, it 
undergoes the following changes. — 1. It is of the 
third magnitude for about two days. — 2, It dimi- 
niſhez in about 1 4 days.—3. It is between the fourth 
and fifth magnitude for leſs than a day.— 4. It in- 
creaſes in about two days. — 5. It is of the third mag- 
nitude for about three days. — 6. It diminiſhes in 
about one day. — 7. It is ſomething larger than the 
fourth magnitude for a little leſs than a day. - 8. It 
increaſes in about one day and three quarters to the- 
firſt point, and ſo completes a whole period. See the 
Phil. Tranſ. 178 5. He has allo found, that , A is 
ſubject to a periodic variation of zd. 8/7. 374, during 
which. time it undergoes the following changes. 
1, It 
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1. It is at it's greateſt brightneſs about 1 day 13 hours, 
—2. It's diminution is performed in about 1 day 18 
hours. —3. It is at it's greateſt obſcuration about 
1 day 12 hours. — 4. It increaſes in about 13 hours. 
It's greateſt and leaſt brightneſs is that between the 
third and fourth, and between the fourth and fifth 
magnitudes, 

359. E. PrcotT, Eſq. has diſcovered u Antinoi to 
be a variable ſtar, with a period of 7 days 4 hours 38 
minutes. The changes happen as follows. 1. It is 
at it's greateſt brightneſs 44 = hours. —2. It decreaſes 
62=hours.—7. It is at it's leaſt brightneſs 30== hours. 
- It increaſes 36 = hours. When moſt bright it 
is. of the third or fourth magnitude, and when leaſt, of 
the fourth or fifth, See the Phil. Trauſ. 178 5. 

360. In the Phil. Tranſ. 1796, Dr. HEASCHEL has 
propoſed a method of obſerving the changes that may 
happen to the fixed ſtars; with a catalogue of their 
comparative brightneſs, in order to aſcertain the per- 
manency of their luſtre. 

361. Dr. HERscRHREIL, in a Paper in the Phil. Thea 
1783, upon the proper motion of the ſolar ſyſtem, has 
given a large collection of ſtars which were formerly 
ſeen, but are now loſt; alſo a catalogue of variable 
ſtars, and of new ſtars; and very juſtly obſerves, that 
it is not eaſy to prove that a ſtar was never ſeen before; 
for though it ſhould not be contained in any catalogue 
whatever, yet the argument for it's former non- ap- 
pearance, which is taken from it's. not having been 
obſerved before, is only fo far to be regarded, as it 
can be made probable, or almoſt certain, that, a ſtar 
would have been obſerved, had it been viſible. 

362. There 
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362. There have been various conjectures to ac- 


count for the appearances of the changeable ſtars. 


M. MavyzRTvis ſuppoſes, that they may have fo 
quick a motion about their axes, that the centrifugal 
force may reduce them to flat oblate ſpheroids, not 
much unlike a mill ſtone; and it's plane may be in- 
clined to the plane of the orbits of it's planets, by 
whoſe attraction the poſition of the body may be 
altered, ſo that when it's plane paſſes through the 
earth, it may be almoſt or entirely inviſible, and then 
become again viſible as it's broad fide is turned towards 
us. Others have conjectured, that conſiderable parts of 
their ſurfaces are covered with dark ſpots, fo that when, 
by the rotation of the ſtar, theſe ſpots are preſented to us, 
the ſtars become almoſt or entirely inviſible. Others 
have ſuppoſed, that theſe ſtars have very large opaque 
bodies revolving about and near to them, ſo as to obſcure. 
them when they come in conjunction with us. The 
irregularity of the phaſes of ſome of them, ſhows the 
cauſe to be variable, and therefore may perhaps be beſt 
accounted for, by ſuppoſing that a great part of the 
body of the ſtar 1s covered with ſpots, which appear 
and diſappear hke thoſe on the ſun's ſurface. The 
total diſappearance of a ſtar may probably be the 
deſtruction of it's ſyſtem ; and the appearance of a 
new ſtar, the creation of a new ſyſtem of planets. 
363. The fixed ſtars are not all evenly fpread 
through the heavens, but the greater part of them are 
collected into cluſters, of which it requires a large 
magnifying power, with a great quantity of light, to be 
able to diſtinguiſh the ſtars ſeparately. With a ſmall 
magnifying power and quantity of light, they only 
appear ſmall whitiſh ſpots, ſomething like a ſmall light 
cloud, 


304 ON THE FIXED STARS. 


cloud, and thence they were called Nebulz. There 
are ſome nebulæ, however, which do not receive 
their light from ſtars. For in the year 1656, HuroENS 
diſcovered a nebula in the middle of Orion's Sword; it 
contains only ſeven ſtars, and the other part is a 
bright ſpot upon a dark ground, and appears like an 
opening into brighter regions beyond, In 1612, 
Simon Marivs diſcovered a nebula in the Girdle of 
Andromeda. Dr. HALLEY, when he was obſerving 
the ſouthern ſtars, diſcovered one in the Centaur, but 
this is never viſible in England. In 1714, he found 
another in Hercules, nearly in a line with @ and » of 
BALER. This ſhows itſelf to the naked eye, when 
the ſky is clear and the moon abſent. M. CAssIxI 
diſcovered:one between the Great Dog and the Ship, 
which he deſcribes as very full of ſtars, and very 
beautiful, when viewed with a good teleſcope. There 
are two whitiſh ſpots near the ſouth pole, called, by 
ſailors, the Magellanic Clouds, which, to the naked 
eye, reſemble the milky way, but through teleſcopes, 
they appear ta be compoſed of ſtars. M. de la 


 - CaILLE, in his catalogue of fixed ſtars obſerved at the 


Cape of Good Hope, has remarked 42 nebule which 
he obſerved, and which he divided into three claſſes ; 
fourteen, in which he could not diſcover the ſtars ; 
fourteen, in which he could ſee a diſtinct maſs of ſtars, 
and fourteen, in which the ſtars appeared of the ſixth 
magnitude, or below, accompanied with white ſpots, 
and nebulz of the firſt and third kind. In the Con- 
noiſſance des Temps, for 1783, and 1784, there is a 
catalogue of 103 nebulz, obſerved by MEssIER and 
MEecnrain, ſome of which they could refolve, and 
others they could not. But Dr. HERSCEHEL has 

CI given 
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given us a catalogue of 2000 nebulz and cluſter of 
ſtars, which be himſelf has diſcovered. Some of them 
form a round compact ſyſtem, others are more irregu- 
lar, of various forms, and ſome are long and narrow. 
The- globular ſyſtems of ſtars appear thicker in the 
middle than they would do if the ſtars were all at 
equal diſtances from each other; they are therefore 
condenſed towards the center. That the ſtars ſhould. 
be thus accidentally diſpoſed, is too 1mprobable a 
ſuppoſition to be admitted; he ſuppoſes therefore, 
that they are thus brought together by their mutual 
attractions, and that the gradual condenſation towards 
the center, is a proof of a central power of that 
kind. He further obſerves, that there are ſome addi- 
tional circumſtances in the appearance of extended 
cluſters and nebulæ, that very much favour the idea of 
a power lodged in the brighteſt part. For although 
the form of them be not globular, it is plainly to be 
ſeen that there 1s a tendency towards ſphericity, by the 
{well of the dimenſions as they draw near the moſt 
luminous place, denoting, as it were, a courſe, or 
tide of ſtars, ſetting towards a center. As the ſtars in 
the ſame nebula muſt be very nearly all at the ſame 
relative diſtances from us, and they appear nearly of 
the ſame ſize, their real magnitudes muſt be nearly 
equal. Granting therefore that theſe nebulæ and 
cluſters of ſtars are formed by their mutual attraction, 
Dr. HzR$SCHEL concludes that we may judge of their 
relative age by the diſpoſition of their component parts, 
thoſe being the oldeſt which are moſt compreſſed. He 
ſuppoſes the milky way to be a nebula, of which our 
ſun is one of it's component ſtars. See the Phil. 
Trauſ. 1786 and 1789. | | 

Var. IV. U 364. Dr. 
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364. Dr. HzAsCcHET has diſcovered other phæno- 
mena in the heavens which he calls Nebulous Stars, 
that is, ſtars ſurrounded with a faint luminous atmo- 
ſphere, of a conſiderable extent. - Cloudy or nebulous 
ftars, he obſerves, have been mentioned by ſeveral 
Aftronomers ; but this name ought not to be applied 
to the objects which they have pointed out as ſuch; 
for, on examination, they prove to be either cluſters 
of ſtars, or ſuch appearances as may reaſonably be ſup- 
poſed to be occaſioned by a multitude of ſtars at a vaſt 
_ diſtance. He has given an account of ſeventeen of 
theſe ſtars, one of which he has thus deſcribed. 
November 13, 1790. A moſt ſingular phænome- 
non; A ſtar of the eighth magnitude, with a faint 
luminous atmoſphere, of a circular form, and of about 
3. diameter. The ſtar is perfectly in the center, and 
the atmoſphere is ſo diluted, faint and equal through- 
out, that there can be no ſurmiſe of it's conſiſting of 
; ſtars; nor can there be a doubt of the evident con- 
nection between the atmoſphere and the ſtar. Another 
ſtar not much leſs in brightneſs, and in the ſame field 
of view with the above, was perfectly free from any 
ſuch appearance” Hence, he draws the following 
conſequences. Granting the connection between the 
ſtar and the ſurrounding nebuloſity, if it conſiſt of 
ſtars very remote which gives the nebulous appearance, 
the central ſtar, which is viſible, muſt be immenſely 
greater than the reſt; or if the central ſtar be no bigger 
than common, . how extremely ſmall and compreſſed 
muſt be thoſe other luminous points which — 
the nebuloſity? As, by the former ſuppoſition, the 
luminous central point muſt far exceed the ſtandard 
of what we call a ſtar, lo, i in the latter, the ſhining 


matter 
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matter about the center will be much too ſmall to 
come under the ſame denomination; we therefore 
either have a central body which is not a ſtar, or a 
ſtar which is involved in a ſhining fluid, of a nature 
totally unknown to us, This laſt opinion Dr. HRR- 
SCHEL adopts. The exiſtence of this ſhining matter, 
he ſays, does not ſeem to be ſo eſſentially connected 
with the central points, that it might not exiſt without 
them. The great reſemblance there is between the 
chevelure of theſe ſtars, and the diffuſed nebuloſity 
there is about the conſtellation Orion, which takes 
up a ſpace of more than 60 ſquare degrees, renders it 
highly probable that they are of the ſame nature. If 
this be admitted, the ſeparate exiſtence of the luminous 
matter 1s fully proved, Light reflected from the ſtar 
could not be ſeen at this diſtance, And beſides, the 
outward parts are nearly as bright as thoſe near the 
ſtar. In further confirmation of this, he obſerves, 
that a cluſter of ſtars will not ſo completely account 
for the milkineſs, or ſoft tint of the light of theſe 
nebulæ, as a ſelf luminous fluid. This luminous 
matter ſeems more fit to produce a ſtar by it's conden- 
fation, than to depend on the ftar for it's exiſtence. 
There is a teleſcopic milky way extending in right 
aſcenſion from 54. v5. 8” to 5h. 39. 1”, and in polar 
diſtance from , 46' to 98˙. 10. This, Dr. Her- 
SCHEL thinks, ; better accounted for, by a luminous 
matter, than from a collection of ſtars. He obſerves, 
that perhaps ſome may account for theſe nebulous 
ſtars, by ſuppoſing that the nebuloſity may be formed by 
a colle&ion of ſtars at an immenſe diſtance, and that the 
central ſtar may be a near ſtar accidentally ſo placed; 
the appearance however of thel uminous part does not, 
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in his opinion, at all favour the ſuppoſition chat it is 
produced by a great number of ſtars; on the other 
hand, it muſt be granted that it is extremely difficult 
to admit the other ſuppoſition, when we know nothing 
but a ſolid body that is ſelf- luminous, or, at leaſt, that 
a fixed luminary muſt immediately depend upon ſuch, 
as the flame of a candle upon the candle itſelf. See 
Dr. HERScRHEL's Account, in the Phil, Tran. 1791. 


- On the Conſtellations. 


365. As ſoon as Aſtronomy began to be ſtudied, it 
muſt have been found neceſſary to divide the heavens 
into ſeparate parts, and to give ſome repreſentations 
to them, in order that Aſtronomers might deſcribe 
and ſpeak of the ſtars, ſo as to be underſtood. Ac- 
cordingly we find that theſe circumſtances took place 
very early. The ancients divided the heavens into 
Conſtellatious, or collections of ſtars, and repreſented 
them by animals, and other figures, according to the 
ideas which the diſpoſitions of the ſtars ſuggeſted. 
We find ſome of them mentioned by Jos, and al- 
though it has been diſputed, whether our-tranſlation 
2 has ſometimes given the true meaning to the Hebrew 
' words, yet it is agreed, that they ſignify conſtellations. 
some of them are mentioned by Homer and Hes10D, 

a Ax Arvs profeſſedly treats of all the ancient ones, 

= except three which were invented after his time. The 
number of the ancient conſtellations was .48, but 
the preſent number upon a globe is about 70; 
by rectifying which, and ſetting it to correſpond with 
the ſtars in the heavens, you may, by comparing 
them, very eaſily get a knowledge of the different 
conſtellations 
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conſtellations and ſtats. Thoſe ſtars which do 
not come into any of the conſtellations, are called 
unformed flars. The ſtars viſible to the naked 


eye are divided into fix claſſes, according to their 


magnitudes; the largeſt are called of the firſt magni- 
tude, the next of the ſecond, and ſo on. Thoſe 
which cannot be ſeen without teleſcopes, are called 
Teleſcopic Stars. The ſtars are now generally marked 
upon maps and globes with BAY ER's letters; the firſt 
letter in the Greek alphabet being put to the greateſt 
ſtar of each conſtellation; the ſecond letter to the 
next greateſt, and ſo on, and when any more letters 
are wanted, the italic characters are generally uſed; 
this ſerves as a name to the ſtar, by which it may be 
pointed out. Twelve of theſe conſtellations lie upon 
the ecliptic, including a ſpace about 1 5* broad, called 
the Zodiac, within which all the planets move. The 


conſtellation Aries, or the Ram, about 2000 years ago, 


lay in the Fr/ ſign of the ecliptic; but, on account of 
the preceſſion of the equinox, it now lies in the ſecond, 
The following are the names of the conſtellations, and 
the number of the ſtars obſerved in them by different 
Aſtronomers. Autinous was made out of the unformed 
ſtars near Aquila; and Coma Berenices out of the un- 
formed ſtars near the Lyor's Tail. They are both 
mentioned by Prol Eur, but as unformed ftars, 
The conſtellations as far as the Triangle, with Coma 
Berenices, are northern; thoſe after Piſces, are ſeuthern. 
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= _ THE ANCIENT CONSTELLATIONS. 
? 13 
| FEET E 
& 5 1 2 


0 
o 


Urſ Minor The Little Bear 8 7 12 24 
Urſa Major The Great Bear 35 29 73 87 


Draco The Dragon 31 32 40 80 
Czpheus Czpheus og 4 51 335 
Bootes Bootes 23 18 52 54 
Corona Borealis The Northern Crown 8 8 8 21 
Hercules Hercules kneeling 29 28 45 113 
Lyra The Harp 10 1117 21 
Cygnus - The Swan 19 18 47 81 
Caſſiopea The Lady in her Chair 13 26 37 55 
Perſeus Perſeus - 209 29 46 59 
Auriga The Waggoner 14 9 40 66 
Serpentarius Serpentarius 29 15 40 74 
Serpens The Serpent 18 13 22 64 
Sagitta The Arrow 1 

Aquila The Eagle! 12 23 
Antinous Antinous 45 349 11 
Delphinus The Dolphin 10 10 14 18 
Equulus The Horſe's Head 4 4 6 10 
Pepaſus The Flying Horſe 20 19 38 89 
Andromeda Andromeda 23 23,47 66 
Triangulum The Triangle . 4-4 38 16 
Aries The Ram _ * 18 21 27 66 
Taurus The Bull f 44 43 51 141 
Gemini The Twins 25 25 38 85 
Cancer The Crab N 23 15 29 83 
| Leo 
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THE ANCIENT CONSTELLATIONS 


CONTINUED. 
> 1 
Leo The Lion 
Coma Berenices Berenice's Hair | 
Virgo The Virgin 
Libra The Scales 
Scorpius The Scorpion 
Sagittarius The Archer 
Capricornus The Goat - 
Aquarius The Water-bearer 
Piſces The Fiſhes 
Cetus The Whale 
Orion Orion 
Eridanus Eridanus 
Lepus The Hare 
Canis Major - The Great Dog 
Canis Minor The Little Dog 
Argo The Ship 
Hydra The Hydra 
Crater The Cup 
Corvus The Crow 
Centaurus The Centaur 
Lupus The Wolt 
Ara The Altar 
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37 
19 


Corona Auſtralis The Southern Crown 13 
Piſcis Auſtralis The Southern Fiſh 18 
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THE NEW SOUTHERN rr r mpg 


8 Noachi Noah's Dove 10 
Robur Carolinum The Royal Oak 12 
Grus The Crane 13 
Phoenix The Phoenix 13 
Indus The Indian 12 
Pavo The Peacock 14 
Apus, Avis Indica The Bird of Paradiſe 11 
Apis, Muſca The Bee or Fly 4 
Chamweleon - The Chameleon 10 
Triangulum Auſtralis The South Triangle wo 
Piſcis volans, Paſſer The Flying Fiſh 5 
Dorado, Xiphias, The Sword Fin 6 
Toucan The American Gooſe wh 9 
un | The Water Snake 12e 
HEVELIUS' CONSTELLATIONS "5 
Made out of the unformed Stars. 
Lynx The Lynx 19 44 
Leo Minor The Little Lion 53 
Aſteron and Chara The Greyhounds 23 25 
Cerberus - Cerberus WEE: 
| Vulpecula and Anſer The Fox and Gooſe 27 35 
Scutum Sobieſki Sobieſki's Shield 7 
Lacerta The Lizard 1 
Camelopardalis The Camelopard 32 58 
Monoceros The Unicorn 19 31 
Sextans The Sextant - 1 4 


Beſides the letters which are prefixed to the ſtars, many 


of them have names, as Regulus, Syrius, Arcturus, &c. 
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366. KeyLER, who was afterwards in this conjec- 
ture followed by Dr. HaLLEy, has made a very 
ingenious obſervation upon the magnitudes and 
diſtances of the fixed ſtars. He obſerves, that there 
can be only 13 points upon the ſurface of a ſphere as 
far diſtant from each other as from the center; and 
ſuppoſing the neareſt fixed ſtars to be as far from 
each other as from the ſun, he concludes that there 
can be only 13 ſtars of the firſt magnitude. Hence, 
at twice that diſtance from the ſun, there may be 
placed four times as many, or 52; at three times that 
diſtance, nine times as many, or 117; and fo on. 
Theſe numbers will give, pretty nearly, the number of 
ſtars of the firſt, ſecond, third, &c. magnitudes. 
Dr. HALLE further remarks, that if the number of 
ſtars be finite, and occupy only a part of ſpace, the 
outward ſtars would be continually attracted towards 
thoſe which are within, and, in prooeſs of time, they 
would coaleſce and unite into one. But if the number 
be infinite, and they occupy an infinite ſpace, all the 
parts would be nearly in equilibrio, and conſequently 
each fixed ſtar being drawn in oppoſite directions 
would keep it's place, or move on till it had found an 
equilibrium. Phil. Tranſ. Ne. 364. 


On the Catalogues of the Fixed Stars. 


367. At the time of Hieeaxcavs of Rhodes, 
about 120 years before J. C. a new ſtar appeared, upon 
which he ſet about numbering the fixed ſtars and 
reducing them to a Catalogue, that poſterity might 
know whether * changes had taken place in the 

heavens. 
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heavens. | ProLEMY, however mentions. that TyMo- 
CHAR1S and ARISEFYLLUS left feveral obſervations 
made 180 years before. The catalogue of Hipyar- 
ens contained 1022 ſtars, with their latitudes. and 


longitudes, which ProLEMY publiſhed, with the 


addition of four more. Theſe Aſtronomers made 
their obſervations with an armillary ſphere, placing the 


armilla, or hoop xepreſenting the ecliptic, to coincide 


with the ecliptic in the heavens by means of the ſun 
in the day- time, and then they determined the place 
of the moon in reſpect of the ſun by a moveable circle 
of latitude. The next night, by the help of the 
moon (whoſe place before found they correfted by 
allowing for it's motion in the interval of time) they 


placed the hoop in ſuch a ſituation as was agreeable to 
the preſent moment of time, and then compared, in 


like manner, the places of the ſtars with the moon. 
Thus they found the latitudes and longitudes of the 
ſtars; it could not however be done with ſuch an 


inſtrument to any very great degree of accuracy. 
ProLEMY adapted his catalogue to the year 137 after 


J. C.; but ſuppoſing, with HieyarRcavs who made 
| the diſcovery, the preceſſion ot the equinoxes to be 1* 


in 100 years, inſtead of about 72 years, he only added 
2*. 40 to the numbers in Hiyeakcnvs for 265 years 
(the difference of the epochs) inſtead of 3e. 42'. 22” 
according to Dr. MA$KELYNE's Tables. To com- 
pare his Tables therefore with the preſent, we muſt 
firſt increaſe his numbers by 1“. 2. 22“, and then 
allow for the preceſſion from that time to this. The 
next Aſtronomer who obſerved the fixed ſtars a-new, 


was ULven BzIOR, the Grandſon of TAMERLANE 


the Great; he made a catalogue of 1022 ſtars, reduced 
| to 
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to the year 1437. WII II AM, the moſt illuſtrious 
Landgrave of Heſſe, made a catalogue of 400 ſtars 
which he obſerved ; he computed their latitudes and 
longitudes from their obſerved right aſcenſions and 
declinations. In the year 1610, TYcxo BRAHE's cata- 
logue of 777 ſtars, was publiſhed from his own obſer- 
vations, made with great care and diligence. * It was 
afterwards, in 1627, copied into the Rudolphine Tables, 
and increaſed by 223 ſtars from other obſervations of 
Tycho. Inſtead of a zodiacal armilla, Tycho ſub- 
ſtituted the equatorial armilla, by which he obſerved 
the difference of right aſcenfions, and the declinations, 
out of the meridian, the meridian altitude being always 
made uſe of to confirm the others. From thence he 
computed the latitudes and longitudes. Tycno 
compared Veuus with the ſun, and then the other ſtars 
with Venus, allowir.g for it's parallax and refraQtion ; 
and having thus aſcertained the places of a few ſtars, 
ho ſettled the reſt from them; and although his in- 
ſtrument was very large, and conſtructed with great 
Accuracy, yet not having pendulum clocks to meaſure 
his time, his obſervations cannot be very accurate. 
The next catalogue was that of R. P. Ricc1orvs, 
which was taken from Tveno's, except toi ftars 
which he himſelf had obſerved. HEVELIus of Dant- 
zick in 1690 publiſhed a catalogue of 1930 ſtars, of 
which 9 50 were known to the ancients; 603 he calls, 
his own, becauſe they had not been accurately obſerved 
by any one before himſelf; and 377 of Dr. HALLEI 
which were inviſible to his hemiſphere. 'Their places 
were fixed for the year 1660. The Britiſi Catalogue, 
- which was publiſhed by Mr. FLamsTEap, contains 
zoo ſtars, rectified for the year 1689. They are 

diſtinguiſhed 


as 
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diſtinguiſhed into ſeven degrees of magnitude (of 
which the ſeventh degree are teleſcopid) in their proper 
conſtellations. This catalogue is more correct than 
any of the others, the obſervations having been made 
with better inſtruments. He alſo publiſhed an Aras 
Celeftis, or maps of the ſtars, in which each ſtar is laid 
down in it's true place, and delineated of it's own 
magnitude. Each ſtar is marked with a letter, begin- 
ning with the firſt letter « of the Greek alphabet for 
the largeſt ſtar of each conſtellation, and ſo on accord- 
ing to their magnitudes, following, in this reſpect, the 
charts of the ſame kind which were publiſned by J. 
Baryzs, a German, 1603. In the year 1757, M. de 
la CAIIIE publiſhed his Fundamenta Aſtranomiæ, in 
which there is a catalogue of 397 ſtars; and in 1763, 
he publiſhed a catalogue of 1942 ſouthern ſtars, from 
the tropic of Capricorn to the ſouth pole, with their 
right aſcenſions and declinations for 1750. He alſo 
publiſhed a catalogue of zodiacal ſtars in the Epheme- 
rides from 1765 to 1774. Mr. MA ER alſo publiſned 
a catalogue of 600 zodiacal ſtars. In the Nautical 
Almanac for 1773, there is publiſned a catalogue of 
380 ſtars obſerved by Dr. BxadLey, with their lon- 
gitudes and latitudes, In the year 1782, J. E. Bopx, 

— Aſtronomer at Berlin, publiſhed a ſet of Celeftial Charts, 
containing a greater number of ſtars than in thoſe of 
Mr. FLAMSTEAD, with many of the double ſtars and 
nebulæ. He alſo publiſhed, in the ſame work, a 
catalogue of ſtars, that of FLamsTEAD being the 
foundation, - omitting ſome ſtars, whoſe poſitions were 
left incomplete, and altering the numbers of others; 
to which he has added ſtars from HEVELIVUs, M. de 
la CailLe, MAYER, and others. In the year 1776, 
1 a „ 
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there was publiſned at Berlin, a work entitled, Recueil 
de Tables Aftronomiques, in which is contained a very 
large catalogue of ſtars from HEVELIUs, FLAMSTEAD, 
M. de la CAILLE, and Dr. BR ADLEV, with theit 
| latitudes and longitudes for the beginning of 1800 
with a catalogue of the ſouthern ſtars of M. de la 
CAiLLE;—of double ſtars; —of changeable ſtars, and 
of nebulous ſtars. This is a very uſeful Work for the 
Practical Aſtronomer. But the moſt complete cata» 
logue is that publiſhed by the Rev. Mr. WoLLasTtoN, 
F. R. S. in 1789, entitled, 4 Specimen of a General Aſtro- 
zomical Catalogue, arranged in Zones of North Polar 
Diflance, aud adapted to January 1, 1790; containing a 
Comparative View of the Mean Poſitions of Stars, Nebule, 
and Cluſters of Stars, as they come out upon Calculation 
from the Tables of ſeveral principal obſervers. 


On the Proper Motion of the fixed Stars. 


368. Dr. MAasxELYNE, in the explanation and uſe 
of his Tables, which he publiſhed with the firſt Volume 
of his Ob ſervations, obſerves, that many, if not all the 
fixed ſtars, have ſmall motions among themſelves, 
which are called their Proper Motious; the cauſe and 
laws of which are hid for the preſent in almoſt equal 
obſcurity. From comparing his on obſervations at 
that time, with thoſe of Dr. BRADp LEV, Mr. FLAM- 
STEAD, and M. RotMER, he then found the annual 
proper motion of the following ſtars in right aſcen- 
ſion to be, of Sirius - O“, 63, of Caſtor — o“, 28, of Pro- 
cyon - Ol, 8, of Pollux - O“, 9 g, of Regulus O, 41, of 
Arcturus— 1 4, and of « Aquile 40, 57; and of Sirius 
in north polar diſtance 1 20, and of Arfurus 2,01 


318 ON THE PROPER MOTION OF ruHE FIxXED STARS, 
both ſouthwards. But ſince that time he had con- 
tinued his obſervations, and from a catalogue of the 
right aſcenſions of 36 principal ſtars (which he com- 
municated to Mr. WoL LAs rox, and which is found 
in his Work), 1 it appears that 35 of — have a proper 
motion in right aſcenſion. 
369. In the year 1756, M. ban obſerved 80 
ſtars, and compared them with the obſervations of 
RotMER-1n 17064 M. MAYER is of opinion, that 
(from the goodneſs of the inſtruments with which the 
obſervations were made) where the diſagreement is at 
leaſt 10“ or 15”,. it is a very probable indication of a 
proper motion of ſuch a ſtar. He further adds, that 
when the diſagreement is ſo great as he has found it in 
ſome of the ſtars, amongſt which is Fomaſand, where 
the difference was 21” in 50 years, he has no doubt of 
a proper motion. Dr. HErsCHEL, following MaYER's 
_ Judgement of his own and Rot MER's obſervations, has 
compared the obſervations, and leaving out of his 
account all thoſe ſtars which did not ſhow a diſagree- 
ment amounting to 10”, he found that 56 of them had 
a proper motion. From thence he attempts to deduce 
the motion of the ſolar dee in the following 
manner. 
370. If the ſun be i in motion as well as ch ſtars, the 
effeAs will be altered according to their motion, com- 
pared with the motion of our ſun. Some of them there- 
fore from their n proper motions might deſtroy, or 
more than counteract the effects ariſing from the motion 
of the ſun. In whatever direction our ſyſtem thould 
move, it would be very eaſy to find what effect in latitude 
and Jongitude would have taken place upon any. ſtar, 
by means of a celeſtial globe, by conceiving the ſun to 
50 move 
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move from the center' upon any radius directed to the 
point to which the ſun is moving. Dr. He RschEL de- 
ſcribes the effect thus. Let an arc of go? be applied to 
the ſurface of a globe, and always paſſing through that 
point to which the motion of the ſyſtem is directed. 
Then whilſt one end moves along the equator, the 
other will deſcribe a curve paſſing through it's pole and 
returning into itſelf; and the ſtars in the northern hemiſ- 
phere, within this curve, will appear to move to the 
north; and the reſt will go to the ſouth. A ſimilar 
curve may be deſcribed in the ſouthern hemiſphere, 
and like appearances will take place. 

371. Now Dr. HERSCHEL firſt takes the ſeven 
ſtars before mentioned, whoſe proper motions had 
been determined by Dr. MAasxELYNE, and he finds, 
that if a point be aſſumed about the 77 of right 
aſcenſion, and the ſun to move from it, it 
will account for all the motions in right aſcenſion. 
And if inſtead of ſuppoſing the ſun to move in the 
plane of the equator, it ſhould aſcend to a point near 
to a Herculis, it will account for the obſerved change 
of declination of Sirius and Arcturus. In reſpect to 
the quantity of motion of each, that muſt depend upon 
their unknown relative diſtances; he only ſpeaks here 
of the directions of the motions. 

372. He next takes twelve ſtars from the catalogue 
of 56, whoſe proper motions have been determined 
from a compariſon of the obſervations of Rot MER and 
MAYER, and adds to them Regulus and Cafor; theſe 
have all a proper motion in right aſcenſion and decli- 
nation, except Regulus, which has none in declination. 
Of theſe 27 motions, the above ſuppoſed motion of 
the ſolar ſyſtem will ſatisfy 22. There are alſo ſome 

| remarkable 
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remarkable circumſtances in the quantities of theſe 
motions. Arcturus and Sirius being the largeſt, and 
therefore probably the neareſt, ought to have the 
greateſt apparent motion, and ſo we find they have. 
Alſo, Arcturus is better fituated to have a motion in 
right aſcenſion, and it has the greateſt motion. Seve- 
ral other agreements of the ſame kind are found alſo to 
take place. But there 1s a very remarkable circum- 
ſtance in reſpe& to Caſtor. Caſtor is a double ſtar ; 
now, how extraordinary muſt appear the concurrence, 
that two ſuch ſtars ſhould both have a proper motion 
ſo exactly alike, that they have never been found to 
vary a fingle ſecond! This ſeems to point out the 
common cauſe, the motion of the ſolar ſyſtem. 

373. Dr. HERSscHEL next takes 32 more of the 
ſame catalogue of 56 ſtars, and ſhows that their mo- 
tions agree very well with his ſuppoſed motion of the 
ſolar ſyſtem. But the motions of the other 12 ſtars 
cannot be accounted for upon this hypotheſis. In 
theſe, therefore, he ſuppoſes the effect of the ſolar 
motion has been deſtroyed and counteracted by their 
own proper motions. The ſame may be ſaid of 19 
ſtars out of the 32, which only agrees with the ſolar 
motion one way, and are, as to fenſe, at reſt the 
other. According to the rules of philoſophizing there- 
fore, which direct us to refer all phænomena to as few 
and ſimple principles as are ſufficient to explain them, 
Dr. HERSCHEL thinks we ought to admit the motion 
of the ſolar ſyſtem. Perhaps, however, this argument 
cannot be properly applied here, becauſe, there is no 
new cauſe or principle introduced, by ſuppoſing each 
ſtar to have a proper motion. Admitting the doctrine 

of univerſal gravitazion, the fixed ſtars ought to move as 
| well 
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well as the ſun, But the ſun's motion, as here eſti- 
mated, cannot be owing to the action of a body upon 
it which might give it a rotatory motion at the ſame 
time, as M. de la Lanps conjectures; becauſe a 
body acting on the ſun to give it it's rotation about it's 
axis, would not, at the ſame time, give it that pro- 
greſſive motion. See Dr. HERScHET's Account in 
the Phil. Tranſ. 1783. 

374. But it will be proper to conſider, how far this 
motion of the ſolar ſyſtem agrees with the proper 
motion of the 35 ſtars determined by Dr. MasxE- 
LYNE. Now upon ſuppoſition that the ſun moves, as, 
conjectured by Dr. HERSHEL, that motion will 
account for the motion of 20 of them, ſo far as regards 
their direction; but the motion of the other 15 is 
contrary to that which ought to ariſe from this ſuppo- 
fition. As ſome of the ſtars muſt have a proper 
motion of their own, even upon the hypotheſis of a 
ſolar motion, and which probably ariſes from their 
mutual attraction, it is very probable that they have 
all a proper motion from the ſame cauſe, but moſt of 
them fo very ſmall as not yet to have been diſcovered. 
And it might alſo happen, that ſuch a motion might 
be the ſame as that which would ariſe from the motion 
of the ſolar ſyſtem. Yet it muſt be confeſſed, that 
the circumſtance of Caſtor, and the motions both in 
right aſcenſion and declination of many of the ſtars 
being ſuch as ariſe from this hypotheſis, with the 
apparent motion of thoſe ſtars being greateſt which are 
probably neareſt, form a ſtrong argument in it's 


favour. 


Vor. IV. X On 
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On the Zodiacal Light. 


375. The Zodiacal Light is a pyramid of light 
which ſometimes - appears in the morning before ſun 
riſe. It has the ſun for it's baſis, and in appearance 
reſembles the Aurora Borealis. It's ſides are not ſtraight, 
but a little curved, it's figure reſembling a 'lens ſeen 
edgeways. Tt is generally ſeen here about October 
and March, that being the time of our ſhorteſt twi- 
light ; for it cannot be ſeen in the twilight ; and when 
the twilight laſts a conſiderable time, it is withdrawn 
before the twilight ends. It was obſerved by M. Cas- 
- SINT, in 1683, a little before the vernal equinox, in 
the evening, extending along the ecliptic from the ſun. 

He thinks however that it has appeared formerly, and 
afterwards diſappeared, from an obſervation of Mr. J. 
CHrilDREY, in a book publiſhed in 1661, entitled, 
Britannia Baconica. He ſays, that © in the month of 
February, for ſeveral years, about fix o'clock in the 
evening, after twilight, he ſaw a path of light tending 
from the twilight towards the Plejades, as it were 
touching therp. This is to be ſeen whenever the 
weather is clear, but beſt when the moon does not 
ſhine, I believe this phænomenon has been formerly, 
and will hereafter appear always at the above-mentioned 
time of the year. But the cauſe and nature of it 1 
cannot gueſs at, and therefore leave it to the enquiry 
of poſterity.” . From this deſcription, there can be no 
doubt but that this was the zodiacal light. He ſuſ- 
pects alſo, that this is what the ancients called Traber, 
which word they uſed for a metcor, or impreſſion in 

| the 
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the air like a beam. Prix, lib. II. p. 26, ſays, 
* Emicant Trabes, quos docos vocant, Des CarTEs allo 
ſpeaks of a phznomenon of the ſame kind. M. Fart10 
de Dv1iLLitk obſerved it immediately after the diſco- 
very by M. Cass1n1, and ſuſpected tliat it has always 
appeared. It was ſoon after obſerved by M. KI RR 
and EIMMART in Germany. In the year 1707, on 
April 3, it was obſerved by Mr. Dzznam in Eflex: . 
It appeared in the weſtern part of the heavens; about 
a quarter of an hour after ſun ſet; in the form of a 
pyramid, perpendicular to the horizon; The baſe of 
this pyramid hé judged to be the ſun. It's vertex 
reached 1 5* or 20® above the horizon. It was through- 
out of a duſky red colour, and at firſt appeared pretty 
vivid and ſtrong, but fainteft at the top. It grew 
fainter by degrees, and vaniſhed about an hour after 
ſun ſet. This ſolar atmoſphere has alſo been ſeen 
about the ſun in a total ſolar eclipfe, a luminous ring 
appearing about the moon at the time when the echpſe 
was total: | | | 

376. M. Fart o conjectured, that this appearance 
ariſes from a collection of corpuſcles encompaſſing the 
ſun in the form of a lens, reflecting the light of the 
ſun. M. Cass1x1 ſuppofed that it might ariſe from 
an infinite number of planets revolving about the ſun; 
ſo that this light might owe it's exiſtence to. theſe © 
bodies, as the milky way does to an innumerable 
humber of fixed ſtars: It is now however generally 
ſuppoſed, that it is matter detached from the fun by 
it's rotation about it's axis. The velocity of the equa - 
torial parts of the ſun being the greateſt, would throw 
the matter to the greateſt diſtance, and on account of 
the diminution of velocity towards it's poles; the height 

* 2 to 
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to which the matter would there riſe would be dimi- 
niſhed ; and as it would probably ſpread a little ſide- 
ways, it would form an atmoſphere about the ſun 
ſomething in the form of a lens, whoſe ſection per- 


pendicular to it's axis would coincide with the ſun's 


equator. And this agrees very well with obſervation. 
There is however a difficulty in thus accounting for 
this phænomenon. It is very well known, that the 
centrifugal force of a point of the ſun's equator is a 
great many times lefs than it's gravity. It does not 
appear therefore, how the ſun, from it's rotation, can 
detach any of it's groſs particles. If they be particles 
detached from the fun, they muſt be ſent off by ſome 
other unknown force; and in that caſe they might be 
feat off equally in all directions, which would not 
agree with the obſerved figure. The cauſe is probably 
owing to the ſun's rotation, although not immediately 


. to the centrifugal force arifing therefrom, 


Y 


lea 
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ON THE LONGITUDE OF PLACES UPON THE SUR - 
FACE OF THE EARTH, 


Art. 377. HE ſituation of any place upon the 

earth's furface is determined from it's 
latitude and longitude. The latitude may be found 
from the meridian altitude of the ſun, or a known 
fixed ſtar; from two altitudes of the ſun, and the 
time between; and by a variety of other methods. 
Theſe operations are fo eaſy in practice, and oppor- 
tunities are ſo continually offering themſelves, that the 
latitude of a place may generally be determined, eyen 
under the moſt unfavourable circumſtances, to a degree 
of accuracy ſufficient for all nautical purpoſes. But 
the longititude cannot be ſo readily Found. | PRHIIIP 
III. King of Spain, was the firſt perſon who offered 
a reward for it's diſcovery ; and the States of Holland 
ſoon after followed his example, they being at that 
time rivals to Spain, as a maritime power, During 
the minority of Lewis XV. of France, the regent 
power promiſed a great reward to any perſon who 
ſhould diſcover the longitude at fea. In the time of 
CHARLES II. about 1675, the Sieur de St. PIERRE, a 
Frenchman, propoſed a method of finding the longi- 
' tude by the moon. Upon this, a commiſſion was 
granted to Lord Viſcount BRouxK ER, preſident of 
the Royal Society, Mr. FLaMsTEAD, and ſeveral 
others, to receive his propoſals,. and give their opinion 
X3 reſpecting 
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reſpecting it. Mr. FLAMsTEAD gave his opinion, 
that if we had Tables of the places of the fixed ſtars, 
and of the moon's motions, we might find the longi- 


| rude, but not by the method propoſed. by the Sieur 
de St. PIERRE. Upon this, Mr. FLAMSTEAD was 
appointed Aſtronomer Royal, and an Obſervatory was 
built at Greenwich for him; and the inſtructions to 


him and his ſucceſſors were, that they ſhould apply 
themſelves with the utmoſt care and diligence to rectify 


the Tables of the motions of the heayens, and the 


places of the fixed ſtars, in order to find out the ſo 


much defired Eule at ſea, for the perfecting of 


the art of navigation.“ 

378. In the year 1714, the Britiſh Parliament 
offered a reward for the diſcovery of the longitude; the 
ſum of J. o, if the method determined the longi- 
tude to 1 degree of a great circle, or 60 geographical 
miles; of J. 1 500, f it determined it to 40 miles; 
and of C. z ooo, if it determined i it to 30 miles, with 
this proviſo, chat if any ſuch method extend no further 
than 30 miles adjoining to the coaſt, the propoſer 
ſhall bare no more than half ſuch rewards . The Act 


| alſo appoints the F irſt Lord of the Admiralty, the 


Speaker of the Houſe of Commons, the Firſt Com- 
miſſioner of Trade, the Admirals of the Red, White, 
and Blue re the Maſter of Trinity Houſe, the 
Preſident o the Royal Society, the Royal Aſtronomer 
at Greenwich, the two Savilian Profeſſors at Oxford, 
and the Lucaſian and Plumian Profeſſors at Cambridge, 
with ſeveral other perſons, as Commiſſioners for the 
Longitude at Sea, The Lowndian Profeſſor at Cam- 
Ter bridge 


See Wu 15ToN's Account of the a to obtain this ag 
zu t the Preface to his Longitude diſcovered by yy" 5 Planets, 
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bridge was afterwards added. After this Act. of Par- 
liament, ſeveral other Acts paſſed in the reigns of 
GEORGE II. and III. for the encouragement of finding 
the longitude, At laſt, in the year 1774, an Acc 
paſſed, repealing all other Acts, and offering ſeparate 
rewards to any perſon who ſhall diſcover the longitude, 
.either by the lunar method, or by a watch keeping 
true time, within certain limits, or by any other 
method. The act propoſes as a reward for a time- 
keeper, the ſum of C. 5000, if it determine the longi- 
tude to one. degree, or 60 geographical miles ; the 
ſum of £.7 500, if it determine the ſame to 40 miles; 
and the ſum, of £.10000. if it determine the ſame to 
zo miles, after proper trials ſpecified in the Act. If 
the method be by improved ſolar and lunar Tables, 
conſtructed upon Sir I, NEwTox's theory of gravita- 
tion, the author ſhall be intitled to . 5000, if ſuch 
Tables ſhall ſhow the diſtance of the moon from the ſun 
and ſtars within fifteen ſeconds of a degree, anſwering 
to above ſeven minutes of longitude, after making an 
allowance of half a degree for the errors of obſervation, 
And for any other method, the ſame rewards are 
offered as thoſe for the time-keeper, provided it gives 
the longitude true within the ſame limits, and be 
practicable at ſea, The commiſſioners have alſo a 
power, of giving {ſmaller rewards, as they ſhall judge 
proper, to any one who ſhall make any diſcovery for 
finding the longitude at ſea, though not within the above 
limits. Provided however, that if ſuch perſon or per- 
' ſons ſhall afterwards make any further diſcovery as to 
come within the above-mentioned limits, ſuch ſum or 
ſums as they may have received, ſhall be conſidered as 

x 4 part 
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part of ſuch greater reward, and deducted there-from 
accordingly. | 
379. After the dechaſe: of Mr. FLAMSTEAD, Dr, 
HALLE, who was appointed to ſucceed him, made 
a ſeries of obſervations 'on the moon's tranſit over the 
meridian, for a complete revolution of the moon's 
apogee, which obſervations being compared with the 
places computed from the Tables then extant, he was 
enabled to corre& the Tables of the moon's motion, 
And as Mr. HAprEx had then invented an inſtru- 
ment by which altitudes could be taken at ſea, and 
alſo the moon's diſtance from the ſun or a fixed ſtar, 
Dr. HALLE ſtrongly recommended the method of 
finding the longitude from ſuch obſervations, having 
found from experience the impraQticability of all other 
| methods, particularly at ſea. 


7 o find the "Lambs by the Moon's Difance fon, the 
Sun, Or a And Suan ; | 


380. The ſteps by which the longitude is bound by 
this method, are theſe: | 


From 40 obſerved altitudes of the moon and the 
ſun or a fixed ſtar, and their obſerved diſtance, com- 
pute the moon's true diſtance from the ſun or ſtar. 

From the Nautical Almanac find the time at Green- 
wich when the moon was at that diſtance. 

From the altitude of the ſun or ſtar, find che time 
at the place of obſervation. 

The difference of the times thus found, gives the 
difference of the longitudes, . | 

381. To 
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381. To find the true diſtance of the moon, from 


| the ſun or ſtar by obſeryation, ler-Z Z be the zenith, 8 


2 


the apparent place of che ſun or a ſtar, \ 5 the. true 
place, M the apparent place of the moon, n it's true 
place; then in the triangle Z SM, we know SM the 
apparent diſtance, SZ, ZM the complements of the 
apparent altitudes, to find the angle Z; and then in 
the triangle 5s Zm, we know the angle Z, and 5Z, mZ, 


the complements of the true altitudes, to find am the 


true diſtance *. 


Ex. Suppoſe, on June 29, 1793, the ſun's parent 
zenith diſtance Z & was obſerved to be 70. 56% 24”, 
the moon's apparent zenith diſtance ZM to be 48*, 
53 58”, their apparent diſtance & M to be 103%. 29. 
27 and the moon's horizontal parallax to be 58. 353 
to find their true diſtance 5m. 


The true diflance am, computed by the aboye me- 
thod, is 103*. 3. 18", PE IS 
382. The 


* 'There are ſhorter TOO than this, direct one, of computing 
the true diſtance ; but we lere purpoſe only te. explain the princt- 
ples by which. the longitude may be thus — 
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382. The true diſtance of the moon from the ſun 


or ſtar being thus found, we are next to find the time 
at Greenwich. For this purpoſe, the ſun or ſuch 


fixed ſtars are choſen, as lie in or very near the moon's | 
way, ſo that looking upon the moon's motion to be 
uniform for a ſmall time, the moon may be conſidered - 


as approaching to, or receding from the fun or ftar 
uniformly. . To determine therefore the time at 
Greenwich correſponding to any given true diſtance of 
the moon from the ſun or ſtar, the true diſtance is 
computed in the Nautical Almanac for every three 
hours, for the meridian of Greenwich. Hence, conſi- 
dering that diſtance as varying uniformly, the time 
correſponding to any other true diſtance may be thus 
computed. Look into the Nautica! Almanac and take 
out two diſtances, one next greater and the other next 
leſsthan the true diftance deduced from obſervation, and 
the difference D of theſe diſtances gives the acceſs of 
the moon to, or receſs from the ſun or ſtar in three 
hours; then take the difference d between the moon's 
diſtance at the beginning of that interval and the 
diſtance deduced from obſervation, and then fay, 
D: d:: 3 hours; the time the moon is acceding to, 
or receding from the ſun or ſtar by the quantity d; 


which added to the time at the beginning of the inter- 


val, gives the apparent time at Greenwich, correſpond- 
ing to the given true diftance of the moon from the 


| lon or Rar. 


Ex. on * 29, 1793, in latitude 52%. 12“. 35% 
the ſun's altitude in the morning was by obſervation 
19% 3“, 36”, the moon's altitude was obſerved to 

be -41*. 6, 2", the ſun's declination at that time 
| | was 
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was 23%. 14. 4”, and the moon's horizontal parallax 
58', 35”; to find the apparent time at Greenwich. 


True diſt. of « from o „ „ „„ 
by Art. 381. lieg n 
True diſt. by Naut Alm. 
on June 29, at 34. lies 4. 58 


True diſt. by Naut. Alm. 


on June 29, at 64, 101. 26. 42 


— 


TTT 167 Ws 49 
D=: . | . ee, 

Hence, 1 38. 167 E 3 20, 42 
which added to 34. gives wie 1 2 the apparent time 
at Greenwich, 


383. Find the apparent time at the place of obſer- 
vation, by the altitude of the ſun (Art. 92). Then 
the difference of the times at Greenwich and- at the 
place of obſervation, 1s the diftance of the meridians 
in time, 

384. Now to ) find the apparent time at the place of 
obſervation, we have the ſun's declination 23*. 14. 4”, 
it's altitude 19%. 30“. 36”, it's refraction 2”. 44”, and 
parallax 8”; hence, it's true altitude was 199. 1, and 
therefore it's true zenith diſtance was 70˙. 59“; alſo, 
the complement af declination was 66“. 45”. 36”; 
henge, by Art. 92. 


66*. 


| 
f 
| 
| 
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adi... arith. comp. fin. 0,0367325 
37-47-25 - + + arith, comp. fin. 0,2127004 


70. 56. 24 

175. 29. 45 

87. 44. 52 7 in. 9,9996644 

70. 56. 24 

16. 48. 28 ee « «1+. fin. 9,4601408 

Y als | 2) 197092381 
9.8546190 


whe coline of 44*. 18. 52”, which doubled gives 88*. 
37) 44” the hour angjo from apparent noon, which in 
time gives 5h. 54” 31” the time before apparent noon, 
or 184. 5. 29“ on June 28. Hence, 


Apparentrime nt place ofobſers June 28, 18". 5. "29" 
e — at Greenwich June 29, 3. 3. 3 


= lt 


Difference Wes 3 3». i 34 


Which converted into degrees gives 1235. 50. 16” 
the longitude of the place of obſervation weſt of 


Greenwich. 


"3 find the Longitude by a Time-keeper. 


* 2385. Let the Time-keeper be well regulated, and ſet to 
the meridian of Greenwich; then if it neither gain nor 
loſe, it will always ſhow the time at Greenwich. Hence, 
to the — of any other place, find the mean 

| time 
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time from the ſun's altitude by Art. 92, and obſerve, at 
the inſtant of taking the altitude, the time by the watch; 
and the difference of theſe times, converted into degrees, 
at the rate of 15* for an hour, gives the longitude 
from Greenwich. If, for example, the time by the 
watch, when the altitude was taken, was 64. 19', and 
the mean time deduced from that altitude was 94. 23, 
the difference 33. 4 converted into degrees gives 46˙ 
the longitude of the place eaſt from Greenwich, becauſe 
the time at the place of obſervation is forwarder t han 
that at Greenwich. Thus the longitude could be very 
readily determined, if you could depend upon the 
watch. But as a watch will alway gain or loſe, before 
it is ſent out, it's gaining or loſing every day for ſome 
time, a month for inſtance, is obſerved ; this is called 
the rate of going of the watch, and from thence the 
mean rate of going is thus found. 

386. Suppoſe, for inſtance, I examine the rate of a 
watch for 30 days; on ſome of thoſe days I find it has 
gained, and on ſome it has loſt; add together all the 
quantities which it has gained, and ſuppoſe they 
amount to 17”; add together all the quantities which 
it has loſt, and let the ſum be 13”; then the difference 
4” is the mean rate of gaining for 30 days, which 
divided by 30 gives o,“ 133 for a mean daily rate of 
gaining. Or you may get the mean daily rate thus. 
Take the difference between what the watch was too 
faſt, or too flow on the firſt and laſt days of obſervation, 
if it be too faſt or too ſlow on each day ; but take the 
ſum, if it be too faſt on one day and too flow on the 
other, and divide by the number of days between the 
obſervations v. And to find the time at the place of 

trial 

* For further information on this ſubject, ſee Mr. Warns 
Method of finding the longitude at Sea. 
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trial at any future period by this watch, you muſt put 
down, at the end of the trial, how much the watch 1s too 
faſt or too ſlow; then ſubtract from the time ſhown 
by the watch, o“, 133 * number of days from the end 
of the trial, being the quantity which it has gained 
according to the above mean rate of gaining, and you 
are then ſuppoſed to get the true time affected with the 
error at the end of the trial. This would be all the 
error, if the watch had continued to gain according to 
the above rate; and although, from the different tem- 
peratures of the air to which the watch may be ex- 
poſed, and from the imperfection of the workmanſhip, 
this cannot be expected, yet by taking it into confi- 
deration, the probable error of the time wilt be 
diminiſhed. In watches which are under trial at the 
Royal Obſervatory at Greenwich, as candidates for the 
rewards offered by Parliament for the diſcovery of the 
longitude, this allowance of a mean rate to be applied 
in order to get the time, is not granted by the Act of 
Parliament, but it requires that the watch itſelf ſhould 
go within the limits aſſigned; the Commiſſioners 
however are ſo indulgent as to grant the application of 
a mean rate, which is undoubtedly tavourable to the 
watches. 

387. As the rate of going of a watch is ſubject to 
vary from ſo many circumſtances, the obſerver, when- 
ever he goes aſhore and has ſufficient time, ſhould 
compare his watch for ſeveral days with the mean 
time deduced from the altitude of the fun or a ſtar, by) 
which he will be able to determine it's rate of going. 
And whenever he comes to a place whoſe longitude is 
known, he may correct his watch, and ſet it to Green- 
wich time. For inſtance, if he go to a place known to 
i. be 


METHODS OF FINDING THE LONGITUDE. 3335 


be go? eaſt longitude from Greenwich, his watch ſnould 
be two hours ſlower than the time at that place. 
Find therefore the time at that place by the altitude 
of the ſun or a fixed ſtar, and correct it by the equa- 
tion of time, and compare the time ſo found with the 
time by the watch when the altitude was taken, and if 
the watch be two hours ſlower than the time deduced 
from obſervation, it 1s right ; ; if not, correct it by the 
difference, and it again gives Greenwich time. 

388. In long voyages, unleſs you have ſometimes 
the means of adjuſting the watch to Greenwich time, 
it's error will probably be very conſiderable, and con- 
ſequently the longitude deduced from it will be ſubject 
to a proportional error. In ſhort voyages, a watch is 
undoubtedly very uſeful, and alſo in long ones, where 
you have the means of corrrecting it from time to 
time. It ſerves to carry on the longitude from one 
known place to another, ſuppoſing the interval of time 
not to be very long; or to keep the longitude from 
that which is deduced from a lunar obſervation, till 
you can get another obſervation. Thus the watch 
may be rendered of great ſervice in Navigation. 


To find the Longitude by an Eclipſe of the Moon, and of 
Jupiter's Satellites. 


389. By an eclipſe of the moon. This eclipſe be- 
gins when the umbra of the earth firſt touches the 
moon, and it ends when it leaves the moon. Having 
the times calculated when the eclipſe begins and ends 
at Greenwich, obſerve the times when it begins and 
ends at any other place; the difference of theſe times 
converted into degrees, gives the difference of longi- 
tude. For as the phaſes of the moon in an eclipſe 


happen 


* 
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happen at the ſame inſtant to every obſerver, the ke 
ference of the times at different places when any phaſe 


is obſerved, will give the difference of the longitudes. 


This would be a very ready and, accurate method, if 
the time of the firſt and laſt contact could be accu- 


| rately obſerved; but the darkneſs of the penumbra 
continues to increaſe till it comes to the umbra, ſo 


that until the umbra actually gets upon the moon, it 
is not diſcovered. The umbra itſelf is alſo very badly 
defined. The beginning and end of a lunar eclipſe 


cannot, in general, be determined nearer than 1' of 


time; · and very often not nearer than 2. or 3. Upon 


theſe accounts, the longitude, from the obſerved 


beginning and end of an eclipſe, is ſubje& to a con- 
ſiderable degree of uncertainty. Aſtronomers therefore 


determine the difference of the longitudes of two places 


by correſponding obſervations of other phaſes, that is, 


when the umbra biſects any of the ſpots upon the 


moon's ſurface. And this can be determined with a 


greater degree of accuracy than the beginning and end; 


becauſe, when the umbra is gotten upon the moon's 
ſurface, the obſerver has leiſure to confider, and fix 
upon the proper line of termination, in which he will 


be affiſted by running his eye along the circumference 


of the umbra. Thus the coincidence of the umbra ' 
with the ſpots may be obſerved to a tolerable accuracy. 
The obſerver therefore ſhould have a good map of the 
moon at hand, that he may not miſtake. The tele- 
ſcope to obſerve a lunar eclipſe, ſhould have but a ſmall 
magnifying power with a great deal of light. The 
ſhadow comes upon the moon on the eaſt fide, and 
goes off on the weſt; but. if the teleſcope 1 invert, the 


— will be contrary. 
390. The 
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390. The eclipſes of Jupiter's farellites afford the 


readieſt method of determining the longitude of places 
at land. It was alfo hoped that ſome method might 
be invented to obſerve them at fea, and Mr. IRwrn 
made a chair to ſwing for that purpoſe, for the obſerver 
to fit in; but Dr. MASKELYNE, in a voyage to Bar- 
badoes, under the direction of the Commiſſioners of 
longitude, found it totally impracticable to derive any 
advantage from it; and he obſerves that conſidering 
the great power requiſite in a teleſcope for making 
theſe obſervations well, and the violence as well as 
irregularities of the motion of a ſhip, I am afraid the 
complete management of a teleſcope on ſhip- board 
will always remain among the deſiderata. However, I 
would not be underſtood to mean to difcourage any 
attempt, founded upon good principles, to get over 
this difficulty.” The teleſcopes proper for making 
theſe obſervations are common retracting ones from 1 5 
to 20 feet, reflecting ones of 18 inches or 2 feet, or 
the 46 inch achromatic with three object glafles, which 
were firſt made by Mr. Do.Lond. On account of 
the uncertainty of the theory of the fatellites, Dr. 
MASKELYNE adviſes the obſerver to be ſettled at his 
teleſcope three minutes before the expected time of an 
immerſion of the firſt ſatellite, fix or eight before tliat 
of the ſecond or third, and at leaft a quarter of an hour 
before that of the fourth. And if the longitude of the 
place be alſo uncertain, he muſt look out proportio- 
nably ſooner. Thus, if the longitude be uncertain to 
2, anſwering to eight minutes of time, he mutt begin 
to look out eight minutes ſooner than is mentioned 
above. However, when he has obſerved one eclipſe 
and found the error of the Tables, he may allow the 

You, IV. 3 * ſame 
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ſame correction to the calculations of the Ephemeris 
for ſeveral months, which will advertiſe him very 


nearly of the time of expecting the eclipſes of the ſame 
ſatellite, and diſpenſe with his attending ſo long, 


Before the oppoſition of Jupiter to the ſun, the immer- 


ſions and emerfions happen on the weſt fide of Jupiter, 


and after oppoſition, on the eaſt ſide; but if the tele- 
ſcope invert, the appearance will be the contrary. 
Before oppoſition, the immerſions only of the - firſt 
fatellite are viſible ; and after oppoſition, the emerſions 
only. The ſame is generally the caſe with reſpect to 
the ſecond ſatellite ; but both immerſion and emerſion 
are frequently obſerved in the two outer fatellites, 
391. When the obſerver is waiting for an emerſion, 
as ſoon as he ſuſpects that he ſees it, he ſhould look 
at his watch and note the ſecond, or begin to count 
the beats of the clock, till he is ſure that it is the 
fatellite, and then look at the clock and ſubtract the 
number of ſeconds which he has counted from the 
time then obſerved, and he will haye the time of 
emerſion. If Jupiter be 8* above the horizon and the 
ſun as much below, an eclipſe will be viſible; this 
may be determined near enough by a common globe, 
392. The immerſion or emerſion of a ſatellite being 
obſerved according to apparent time, the longitude of 


the place from Greenwich is found, by taking the dif- 


ference between that time and the time ſet down in the 
Nautical Almanac, which is calculated for apparent 


time. 


Ex. Suppoſe the emerſion of a ſatellite to have been 


obſerved at the Cape of Good Hope, May 9, 1767, 


at 104. 46'. 45” apparent time; now the time in che 
Nautical 
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Nautical Almanac is gh. 33“. 12“; the difference of 
which times 15-414. 13“. 33” the longitude of the Cape 
eaft of Greenwich in time, or 18. 23“. 15”, 


393- But to find the longitude of a place from an 
obſervation of an eclipſe of a ſatellite, it is better to 
compare it with an obſervation made under ſome well 
knowti meridian, than with the calculations in the 
Ephemeris, becauſe of the imperfection of the theory; 
but where a correſponding obſervation cannot be 
obtained, find what correction the calculations of the 
Ephemeris require, by the neareſt obſervations to the 
given time that can be obtained; and this correction 
applied to the calculation of the given eclipſe in tlie 
Ephemeris, renders it almoſt equivalent to an actual 
obſervation. The obſerver muſt be careful to regulate 
his clock or watch by apparent time, or at leaſt to 
know the difference; this may be done, either by equal 
altitudes of the ſun, or of proper ſtars; or the latitude 
being known, from one altitude at a diſtance from the 
meridian, the time may be found by Art. 92. 

394. In order the better to determine the difference 
of longitudes of two places from correſponding obſer- 
yations, the obſervers ſhould be furniſhed with the 
ſame kind of teleſcopes. For at an immerſion, as the 
' ſatellite enters the ſhadow it grows fainter and fainter, 
till at laſt the quantity of light is ſo ſmall that it 
becomes inviſible, even before it is wholly immerſed in 
the ſhadow ; the inſtant therefore that it becomes invi- 
ſible will depend upon the quantity of light which the 
teleſcope receives, and it's magnifying power. The 
inſtant therefore of the diſappearance of a ſatellite will 


be later the better the teleſcope is, and the ſooner it 
Y 2 will 
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will appear at it's emerſion. Now the immerſion is 


the inſtant the ſatellite is wholly gotten into the ſhadow, 
and the emerfion is the inſtant before it begins to 
emerge from the ſhadow ; if therefore two teleſcopes 
ſhow the diſappearance or appearance of the fatellite 
at the ſame diſtance of time from the immerſion or 
emerſion, the difference of the times will be the 
ſame as the difference of the true times of their im- 
merſions or emerſions, and therefore will ſhow the 


difference of longitudes accurately. But if the ob- 


ſerved time at one place be compared with the com- 
puted time at another, then we muſt allow for the 
difference between the apparent and true time of 
immerſion or emerſion, in order to get the true time 
where the obſervation was made, to compare with the 
true time from computation at the other place. This 
difference may be found, by obſerving an eclipſe at 
any place whoſe longitude is known, and comparing it 
with the time by computation. Obſervers, therefore, 
ſhould ſettle the difference accurately by the mean of 
a great number of obſervations thus compared with 
the computations, by which means the longitude will 


bed aſcertained to a much greater accuracy and certainty. 


After all this precaution, however, the different ſtates 
of the air at different times, and alſo the different 


ſtates of the eye, will introduce a ſmall degree of 


uncertainty; the latter caſe may perhaps, in a great 
meaſure, be obviated, if the obſerver will be careful to 
remove hirnſelf from all warmth and light for a little 
time before he makes the obſervation, that the eye 
may be reduced to a proper ſtate ; which precaution 


the obſerver ſhould alſo attend to, when he ſettles the 
| Gifference between the apparent and true times of 


immerſion 
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immerſion and emerſion. Perhaps alſo the difference 
ariſing from the different ſtates of the air might, by 
proper obſervations, be aſcertained to a conſiderable 
degree of accuracy; and as this method of determining 
the longitude is, of all others, the moſt ready, no 


means ought to be left untried to reduce it to o che 
greateſt certainty. 
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